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“U TIARY

The thesis is divided into nine sections. Section I presents a review
of the important developments in the field of cytogenétics applicsble
to the invcstigation.’ In this context, the mechsnisms involved in
leucocyte cultures were dis soussed, toy ether with tneories concerning
the mode of formation of differential staining patterns on chrowcsomes
‘Also included in Scetion I is a review of veterir wry cytogenetics
which\emphasized the relaﬁive importance of centric fusion

N o

transliocations in domestic aniumnls.

Section 11 concerns the examination of {the clhiromosome complemént of
pre-implantation blastocysts. Blasbooysts were collectcd both Trom
heterozygous ﬁale X rormal female and norwul male x hzierozygous fensle
matings. The majority cof collections took place post mortem but
collection from bthe live animal by laparotomy was investigated.
Informution on sex ratio and tronslocation segfegation wes obbained

from tals work.

Section IXI dcseribves ke effect; on lombing perforaunce, of
hetexrozyceity for the Massey I irunslocation in the mules Infornuation
wos oblained on lemhing nercertspc and ircldence ol avortion and

stillbizrtas. In addition, sex ratio and teasslocation segregation in

the live-born lawhs were caiculsntede.

Scection IV is concerned wita walde weilosis, Preporstiors vere nede

frow a nosoul ram and reus holeronyooas anu hoenosgoous foi e Malscy L
Disdunciron

translocation. The degree of non-ddegpeeddon at lhe sceoonu mziolie

- L, 5 PR -3 H 4 AT . Fre i : .
netaphase wao enloulated end coupzeet in the wilflercnb sroups ofd

anluals, wogsther witl, tune chicsnotby frejuencic: af elqkinwsise



Section V describes the identification of the individual chromosomes

comprising the Massey I translocation., Identification was by means of
G-bands and as a corollary of this a G-band idicgram was produced for
sheep chromosomes, The Massey I translocation was further categorised

by means of (-banding.

Section VI is the tables, VII an appendix which describes in more
detail some of the routine and less important procedures, VIII is the

list of references and Section IX the figures,

The work represents the first extensive study of a centric fusion
transiocation in one of the larger domestic animals., It is argued

that whilst the results from the examination of individual aspects of
the problem were in themselves inconclusive, collectively, they
demonstrated that in the male, heterozygosity for the Massey I
transiocation did not result in a reduced fertility. Examination of
pre~implantation blastocysts failed to reveal zygotes with an unbalanced
karyotype and no other chromosomal abnormsalities were detected.
Examination of lambing performance showed no deviation from the normal
sex ratio or the expected translocation segregation ratios. keiotic
studies did show, however, that non-disjunction was occurring at a
higher level than in the normal ram and that it was associated with the
translocation chromosome. The question remained, therefore, as to
whether the unbalanced secondary spermatocytes failed to develop to
spermatozoa or whether, on matursation, they were incapable of

fertili=sation.

Phe Massey I translocation was identified as a 4/26 translocation by
comparison with the G-band idiogram. C-band stainine showed that there

were two blocks of centromeric heterochromatin, one on either side of



the centromere, indicating little or no loss of DNA. It was stressed
however, that this could nobt be ftaken, per se, to indicabe zetention
of both centromerss. It was sugrested that a better understonding
of the structure of the ceantromere of centric fusion itranslocalicns
-would l2ad to 2 better undsrsteriding of the likely »éhasviour ol zuen
chromosoires duwring cell division. Tris would enable a nore accurate

predication to be made of the effect on fertility.



SECTION I

INTRODUCTION



INTRODUCTION

1.1, Leucocyte Cultures

One of the most important developments in the field of cytogenétics has
been the utilisation of peripheral blood leucocytes as a source of cells
for chromosome analysis. The technigue depended on stimulating the
thymic-dependent, "I 1eﬁcocytes to divide in culture and then blocking
these dividing cells at metaphase, The breakthrough occurred when it

was discovered that a mucoprotein extract of the Red Kidney Bean

(Phaseolus vulgaris), Phytohaemaglutinin (PHA) acted as a mitogenic

agent,

Whilst working on the problem of human leucaemia, Nowell (1960) noted
the development of normal leucocytes in cultures. He found that after
the third day of culture the number of mitoses rose dramatically.
Subseauent investigations into this phenomenon showed that it was due
to the use of PHA to separate white blood cells from whole blood.
(Nowell 196Ca). PHAAas well as having haemaglutineting properties wvas

also a strongly mitogenic agent.

Following this discovery, Nowell and his co-workers developed a method
of leucocyte culture vhich combined the use of PHA with the hypotonic
sodium citrate treatment first described by Hsu (1952) and the air
drying technique of Rothfels and Siminovitch (1958). This has become
the basic technique for blood cultures, (Moorehead, Nowell, Mellman,

Batipps and Hungerford 1960).

Since this is such an important technique and one that is used
_extensively throughout the present work, it is perhaps worthwhile to

discuss some of the nrinciples involved in some detail.,



Originally the buffy coat of separated whole blood samples was used as
the source of leucocytes. This procedure was.tedious and although
effective for human peripheral blood cultures, it was not always
satisfactory for use for blood cultures of domestic animals,
particularly those of sheep and cattle where the buffy coat separation
vag difficult. The préblem was overcome by using Qhole blood.
Arakaki and Sparkes (1963) showed that satisfactory chromosome
preparations could be obtained from very small inocula of whole blood.
The fecllowing comments on leucooyte culture techniques are relevent to

either separated or whole blood technigues.

l.1.1. Media

A variety of tissue culture media have been used for leucccyte cultures
(Table I) and most workers have supplemented the basictissue culture
medium with plasma or serum. This is interesting in the light of
recent theories concerning the mode of asction of PHA which is discussed
in detail later, There has heen one report of inhibition of mitotie
activity due to the addition of serum to the medium (Yoshikura 1972).
Yoshikura found thet vhen fresh medium supplemented with calf serum and
colcemid Qas added to a culture of human kidney cells there was a delsy
in the mitotic accumulation using concentrations of 25%, 1C%, 20% and
40% calf serum. Yoshikura found that the delzy was directly dependent
on the concentration of the added fresh serum., The same result was
obtained, not only with different batches of calf serum but =2lso with
mouse serum. This is the only paper known tc the present writer
concerning serum-inhibifion of cultures. It may well be that the
phenomenon is more common but because of the transient nature of the
inhibition (the maximum effect was seen 1.5 hours .after treament) it

is not usually detected.

Genest and Auger (1963) made a systematic comparison of two media used

2



for leucocyte cultures, Eagle's MEM and medium TC 199, and found both
produced adequate cultures although TC 199 was at a disadvantage in
that variations of pH under culture conditions necessitated daily
re-~adjustments. Both wedia tended to produce a plagque formation of
leucocyte growth which was attributed to a relatively high calcium
concentration in the medium. To overcome this drawback Genest and

\

Auger recommededithe use of Eagle's MEM for suspension culture.

Peter (1971) compared three types of Eagle's medium; Eagle's MEM;
Bagle's Modified Medium and Eagle's Basal Medium. Théy found the
Basal Medium to be unsatisfactory for human leucocyte cultures.-
Harvey (1969) found that swine lymphocyte growth rates were somewhat
erratic in TC 199 and the Weymouth's medium gave a more consistently

satisfactory result.

It would seem therefore, that different medie should be tested for
suitability when bloods from various species are to be cultured and
that there is no absolute recommendation to be made as to the type of

medium to be used.

1.1.2. Action of Phytohasemaglutinin

The Phytohaemaglutinin (PHA) used by.Nowgll was a partially purified
mucroprotein extract prepared from the Red Kidney Bean, Phaseous
vulgaris. Nowell had shtown that only those cultures containing
leucocytes which had been obtained from whole blood separated using PHA
showed mitotic activity,. Heating the PHA at 100°¢ for 3C mins,
completely abolished its mitogenic activity as well as its ability to
agglutinate erythrocytes, whereas heating at 6500 for 30 mins. did not
affect either activity. Careful systematic analysis of the cell types
found in the leucocyte cultures demonstrated that only one cell type,

lymphocytes, was responding to the presence of PHA.



MaoKinney, Stohlman, Brecher, 1962) In early culture samples small
lymphocytes, monocytes and neutrophilic and eosinophilic granulocytes
were easily identifiable but by 24 hours the granulocytes had degen-
erated. Between 26 and 72 hours of cell culture, the cell type
remaining was mainly small lymphocytes with large mononuclear cells
which were dissimilar té normel haemic or lymphoid cells. In

addition, after 24 hours pf culture the percentage of cells
synthesising DNA increased rapidly as demonstrated by tritiated
thymidine uptake. MacKinney and his co-workers (1962) were able to
show that the increase in the number of cells was not due solely to
those cells in the stage of DNA synthesis at the beginning of tﬂe
culture period, and therefore some cells must have been stimulated to
divide. The first mitotic figures were seen between 40 and 45 hours and
thenceferth their numbers increased rapidly. The authors concluded that
the dividing cells in cultures of peripheral blood were derived from a
relatively large population of cells and since the granulocytes were
shown to degenerate during the first 24 hours it was concluded that

the lymphocytes were responsible for the growth. Later vwork has

shown that PHA stimulates a population of lymphocytes dependent on or
influencéd by the thymus. (Keast and Bartholomaeus, 1972).

Younkin (1972) studied the actioﬁ of PHA using a specific PHA anti-
serum. He found that individual lymphocytes began to synthesis DNA

at various times after exposure to PHA, At least 6 hours of exposure
to PHA was required before some cells were synthesising DNA at 72 hours.
The PHA-responding cells required exposure to PHA for a variable period
after which their response was independent of the presence of PHA.
Eighteen to 24 hours after primary exposure, the lymphocytes could
divide in the absence of PHA. Interestingly, Younkin also found that

the daughter cells from PHA-stimulated cells could synthesis DNA in

the presence of anti~-PHA. ' Thal is, neither cell-bound PHA nor soluble
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PHA was required to keep daughter cells inivtheir cell division cycles.,

Younkin concluded that the evidence suggestcd that PHA exerted its
stimulatory effect while on the cell surface. Earlier, Simons, Fowler
and Fitzgerald (1968) had suggested that the mitogenic moiety of the
PHA molecule wasg closely related to, or identical with, the antigenic
determinant sites and that some of these PHA antigenic sites were
similar to those found amongst the antigenic configurations on the

surface of lymphocytes.

An alternative theory has been put forward by Beckman (1962) who
suggested bhat lhe primary site of reaction was located in the serum
surrounding the cells, The role of serum in activation of lymphocytes
by PHA has heen investigsted b& Forsdyke (1973), He found that an
optimun response reguired an optimum ratio of PHA to nondiffusable
serum macromolecules. Lymphocyte activation was impaired in a
nacromolecule-~depleted medium. The magnitudz of activation in the
depleted wmodium was only 39 p 6% of that in the wedium containing the
serun macromolecules, The response was dependent on the PHA macro-
nelecule ratio and Forsdyke suggested that a pessible role of serum in
the activation of lymphocytes was one in which mecromolecules both
oompeﬁjdyébfbvffered.cells against reaction with PHA and facilitated
citner the reasction of cells with TUA or the imwediatle response of cells

'

once reaction with PHA had occurred.

There appear to he & nuarber of othor factors which affect the PEA-
lywurhoeyte renction. The dose reoponse curve wag found to bhe bell-
shaned (Sqren, l973}.but opinions on optimum concentralions have varied
: - . . & o P 968 -
between 2.0 ng snd 5.6 p.p PHA /i1l cells. (Sirons et al., 1968;
YVeast and Surtholomacva, 19723 and Seren, 1973). In addition, i% has

been shown thal there is o sigrificsnt reduction in the yanponse



lymphocytes of pregnant women. (Purtilo, Hallgren and Yunis, 1972).
The reduction was mo§t pronounced between 26 and 31 weeks of pregnancy
and serum from such women could reduce the response of leucocyte
cultures from non-pregnant women. It has also been shown that a

porcine mycoplasma, M. arthritidis inhibited the lymphocyte transform-

ation induced by PHA. "The myéoplasma, vhich utilised argenine as an
energy source inhibited PHA stimulation although the lymphocytes in
these argenine-depleted cﬁltures-were not killed and wculd resume
growth once the mycoplasma was removed. Dextrose utilising mycoplasma

also inhibited PHA stimulation but to a much lesser degree.

As well as having mitogenic and haemagglutinating properties, PHA
stimulates the production of interferon and lymphctoxin. It has been
shown %hat the factors responsible for stimulating nucleic acid
synthesis were entirely separate from those which induced interferon
and lymphotoxin, (Haber, Rosenau and Goldberg, 1972). Hence it is
possible that the multiple activities of PHA could be present in
different preparations in various ratios. This is possibly the
explanation for the results of Naspitz and Richter (1968) who ccmpared
the responses of human peripheral lymphocytes to three types of PHA and
pokeveed, another mitogen. The three PHA types had different activ-

ities in terms of blastogenic potency,

1.1.%. Action of Colchine

The plant alkaloid, colchicine, has been used for a number of years by
workers in the field of plant cytogenetics and their techniques were
readily adapted for use with animal tissue. The mode of action of
colchicine and its effects on the dividing cell have been extensively
studied =2nd are novw understood in some detail, The following review
of the literature is presented in order to indicate that under certsin

specific conditions, colenicine and its analog, deacetymethylcolchicine,
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(Colcemid) can be used to accumulate cells in metaphase and that these

cells have the same chromosomal complement as untreated cells.

The blocking effect of colchicine was first recognised by Dustin (1934),
Other workers had considered that colchicine accumulated metaphases by
stimulating cells in prophase to enter metaphase. Levan (1938)
introduced the term "e-mitosis" to indicate the mitotic deviation
induced by colchicine treatment. He showed that the cell penetration

- of colchicine was rapid and that chromosomes lost their regular
arrangement on the spindle within ten minutes of treatment with strong
concentrations. He also confirmed that colchicine had no stimulatory
effect on the cell.. It was postulated that colchicine produced its
effect by disrupting the spindle function., Inoue (1952) showed that

the mitotic apparatus of the egg of Chastovberus perzamentaceous, a

marine annelid, was completely disrupted and eventually apparently
disappeared, after colchicine treatment. The time taken foxr complete
disorganisation of the micelles in the astral rays and spindle fibres

depended on the concentration of colchicine used.

Later workers have shown exactly how colchicine acts on the mitotic
spindle. The mitotic spindle fibres extend from the chromosomal
centromeres towards fhe spindle poles, Bajer (1965) showed that at
prometaphase the centromere had alresdy divided and two sets of fibre
bundles passed from one daughter centromere towards the same pole.

The fibres from the other daughter centromere passed to the alternative
pole. Using tritiated colchicine, Taylor (1965) demonstrated that
there was an initisl colchicine~penetration phase which was completed
within ten to fifteen.minuteso This confirmed Levan's earlier
observations. There was then a second, rate-limiting step, in which

“eolehicine was bound to a cellular component., Iater workers showed that



the binding sites were the subunit proteins of the microtubules.
(Borisy and Taylor, 1967). Binding occurred irrespective of whether
a cell was dividing and did not involve chemical modification of the
colchicine, The colchicine-binding protein was only approximately
10-20% of the total extractable profein isolated from the mitotic
apparatus and was not, therefore, the main component of the mitotic
apparatus. (Borisy and Taylor, 1967a) In summary these workers

put forward the following.theory.in relation to the action of
éolchicine. Colchicine penetrated the cell membrane quite rapidly

and became hbound to protein subunits in the microtubules of the

mitotic spindle. This was reversiﬁle but there was a critical level
of binding above which the colchicine prevented the assembly of the
subunits into microtubules and the cell was unable to form a functional
mitotic spindle. The chromosomes thus accumulated at metaphase, being
unable to pull apart in a normal anaphase. Electron microscope
examination demonstrated that the microtubules of such cells were
either absent or reduced in number.

The effect of this action has been shown to vary with the concentration
of colchicine and the duration of action, (Inoue, 1952; Levan, 1954;
Sasaki, 1961; Taylor, 1965; Herreros, Guerro and Romo, 1966; Cox and
Puck, 1969; Rizzoni and Palitti, 1973), and also among species and

type of tissue. (Fraser, 1963; Behnhe, 1965; Malawista and Bensch,
1967; Sohrab, 1972.) At concentrations greater than 5x10_8M mitoses
accunmulated at a maximum rate and the only effect of increasing the
concentration was to reduce the time interval before accumulation began.
(Taylor, 1965) At concentrations of below 2.5x10_8M there was an
incomplete mitotic block, even when the cultures wemallowed to

continue for over 20 hours.



Herreres et al. (1966) deliberately produced polyploidy and
endoreduplication in human lymphocyte cell cultures using colcemid at a
final concentration of y/ug/ml. (1110-6M)9 Two houra after the
colcemid treatment, 90% of the culture medium was withdrawn and
replaced and the cells were incubated for a further two to three days
before harvesting. Rizéoni and Palitti (1973) examined the
endoreduplication phengmenon in\some detail in a Chinese hamster cell
line. At a concentration of 10‘4M of colchicine the quaﬁtity and
duality of endoreduplication was independent of the time of exposure.
However, the endoreduplication 4id not appear until 19-20 hours after
8

exposure. At colchicine concentrations of below 2,4x10 M

endoreduplicated mitoses were not observed.

Again using Chinese hamster cells, Cox and Puck (1969) investigated the
induction of polyploidy by various concentrations of colcemid. They
found that at concentrations of greater than 0.0é/ug/ml. (3x10-8M) with
exposure times of 24 hours, most of the cell population was polyploid.
However, concentrations of 0.0l/ug/ml. (lxlO-BM) produced no visible

effect on the chromosome number of the cell population.

The accumulated evidence suggests, therefore that high concentrations
and prolonged exposure to colchicine or colcemid can cause abnormal
metaphases in culture. These abnormalities develop when the aflfected
cell is allovied to continue into a new cell cycle, In leucocyte
cultures for the examination of metaphase chromosomes, exposure to
colchicine or colcemid is not usually longer than from 2-3 hours, after
which the cells are immediately harvested and fixed. This is a

shorter period than any of the stages in the cycle of cells investigated
by Bender and Prescott, (1962) so that ébnormal figures do not have

time to develop. Therefore, the use of colchicine for examination of



normal chromosome complements is justifiable.

1l.1.4. Hypotonic Treatment

The arrested leucocyte cultures are subjected to a hypotonic solution
before fixation. This has the double effect of haemolysing red blood
cells if whole blood cultures have been used and also of swelling the
lymphocytes and enhancing chromésomal separatione The technique was
first desceribed by Hsu (1952) who discovered by accident that s
ﬁypotonic tryode solution produced good spreading of the chromosomes.
Since~. then a number of different solutions at various concentrations

and length of incubation have been described. (Table II)

A number of hypotonic solutions used by various workers were compared
by Genest and Auger (1963). Their main conclusion was that solutions
containing sodium chloride were ineffective, Bruere (1966) found that
exposure to 1% sodium citrate improved the staining of sheep chromoscomes
as compared with a one in ten solution of Hank's balanced sslt solution.
Harvey (1969) preferred a 0.3%% solution of sodium citrate for 25 mins.
for pig leucocyte cultures. Hungerford (1965) recommended 00675 M
potassium chloride as hypotonic treatment for human leucocyte cultures.
He considered that the potassium chloride enhanced the stainability

of the chromosomes with aceto-orcein. Potassium chloride is probably

nov the most commondly used hypotonic solution.

l.1.9%. Fixation

The final fixation of the leucocyte cultures is an important process in
that it affects the morphology of the chromosomes, their ability to
stick to the slide and their receptivity to the stain. Rothfels and
Siminoviteh (1958) used Carnoy's fixative and recommended that this
should be added slowly to the pellet of cells and that it was better to

delay breaking up the pellet since rapid and immediate dispersal of
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the cells caused clumping of the chromocomes. Genest and Mluger (1963)
agreed that better spreading of the chromosomes was cbtained by fixing
the intact clump of cells with acetic ethanol. However, other workers,
vhether using Carnoy's or a 1:3% acetic acid:wethyl slcohol fixative
have stressed the necessity of rapid fixing by dispersal of the cells.
(Arakaki and Sparkes, 1963; Hungerford, 1965) There is also a
divergence of opinion as to the value of chilling the fixative before
use, Ford and Hamerton (1956) and Hungerford (1965) reccmmended
chilling, vhereas Rothfels and Siminovitch (1958) and Gorest and Auger
(1963) found that chilling had no advantage over treatment at room

temperaturs.

1.2, Chrozosome Identification by Means of Differential Stéinin".

Once technigues were available to nroduce well spread and well defined
metaphase chromosomes it became possible to establish with certainty
the normal chromosome number and morvhology for a species. Tris in
turn meant that any gross deviations from normal could be detected.

1

However, the problem of identification of individuel chromosomes

remained.

Individuzl chromosomes can be characterised by the length of their arms
or by their total length and arm ratioc. However, there is considerable
variation between homologues of the same nucleus, (Patau, 1665) and the
errors involved in measurement can be quite high. Bruere and MclLaren
(1967) recorded a nrked dissimilarity in length between homologues of

chromosome number 1 in the sheep.

Chromosome markers such ac satellites on the short arm of acrocentric
chromosomes have been used to identify homologous pairs in man.

(Denver Report, 1960) FHowever, satellites were subsequently

11



identified on all the smaller chromosomes of the D 'and G grours.
Furthermore, homologous chromosomes often differed in the size of their
satellites (Patau, 1965) so that subdivision on this basis was not
possible in man, Identification of one pair of the small group of E
chromosomes in the cat was identifiable on the basis of satellites.

(Chu, Thuline and Norby, 1964) .

- Secondary constrictions have also been used to identify homologous
chromosomes in man. (London Report, 1963) Bruere and Mclaren (1967)
described secondary constrictions in the idiogram of sheep chromosomes
but felt that they did not assist chromoscme identification. These
authors found that the incidence of secondary constrictions increased
when hypotonic sodium citrate solution was used rather than hypotonic
Hank's balsnced salt solution., Saskeela and Moorhead (1962) found that
a fixative of 1:1 acetic aciditmethyl alcohol enhsnced secondary

constrictions in man.

A fourth method of chromosome identification is by autoradiography.
This relies on the fact that different chromosomes and barts of
chromosomes replicate DNA at different periods in the '3' phase. The
rincorporation of tritium, a P enitter of low penetrance , intc the
thymidine in the culture medium gllows idéntification of DNA
replication areas by the effect on a photographic plate. If the
labelled thymidine is added to the culture at different periods of time
for a variable duration, then early and late replicecting chromosomes
can be identified. The disadvantage of autoraiography is that it is a

prolonged and time consuming procedure.

With the development of differential staining techniques, not only was
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it possible to identify individusl chromosomes and their homologues,
but also segments of chromosomes because of their specific staining
pattern. These techniques produced bands of darkly staining areas
along the chromatid, interspersed with lightly staining bands. The

pattern produced was unique for any given chromosome and its homologue.

The various techniques produce five basic types of bands; Q-bands;
C-bands; G-bands; R & T-bands and N-bands. The C-band and G-band
techniques have been used in the present work in an attempt to
characterise the Massey I translocation and this is discussed in

detail in section V.

1.2.1. Q-Bands
The first technique for differential staining of chromosomes was
‘described by Caspersson, Faber, Folej, Kudynowski, Modesf, Simonsson,
Wagh and Zech (1968). 'These workers compared the staining properties
RoiNAcCRINE
of gwinaswine and the alkylating agent, oguinacrine mustard. They
argued that since it was known that alkylating agents attacked the
N-7 atom of guanine, the quinacrine rmustard might interact
preferentially and accumulate at the guanine-rich segments of DNA and
thus fluoresce more brightly at these areas, Using chromosomes from
the English broad bean and the Chinese hamster they found that
quinacriﬁe, whieh is not capable of forming co-valent bonds with DNA,
showed uniform staining slong the whole chromosome length, whereas
quinacrine mustard showed distinctive bands of high intensity
fluorescence, separated Ly regions of lower intensity fluorescence.
The quinacrine mustard had shown preferential binding to certain
chrom¢somal areas. These segments were later shown to be in areas of
heterochromatin. (Casperson, Zech, Modest, Foley, Wagh, and

Simonsson, 1969) In ithe samne paper various {luorcchromes were
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assessed using both plant and animal chromosomes. The fluorescence
shoved good corrzlation with areas of heterochromatin in other plant
chromosomes. Similar but weaker and less stable pattermns were produced
with acroflavine and proflavine staining of human and Chinese hamster
chromosomes as well as plant chrbmosomesg However, ethidium bromide
produced patterns in an:opposite manner to the pattern obtained with
quinacrine mustard, That is, the areas which were brightly

fluorescent when stained with quinacrine mustard were dull with

ethidium bromide and vice versa.

In the succeeding three years Caspersson and his co-workers produced

a number of papers describing the use of this technique. In 1971 they
described in detail tﬁe fluorescent banding pattern of the human
karyotype (Caspersson, Lomakka and Zech, 1971) and this description

was adopted as the basic banding pattern for use in distinguishing
human chromosomes. (IVth Chromosome Standardisation Conference; Paris

Conference, 1972)

Caspersson's work naturally evoked considerable interest. A group of
vorkers in Oxford used quinacrine dihyrochloride to stain human
interphase cells and showed that the fluorescence of the Y chromosome
could be distinguished in these cells. (Pearson, Bobrow and Vosa,
1970) ~The marked fluorescence of the Y chromosome was present in only
one other species examined, the gorilla, (Pearson, Bobrow, Vosa and
Barlow, 1971) The fluorescent identification of the Y chromosome of
man has meant that this technique could be used, together with the sex

chroratin test, in clinical diagnosis of inter-sexes.

Sumner, Robinson and Evans (1971) showed that the Y fluorescence could

be distinguished in Y bearing human spermatozoa and presumptive 24YY
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spermatozoa with two fluorescent spots were identifieds No Y .
fluorescence was demonstrable in bull, rabbit or mouse spermatozosa
which correlated with the results of Pearscn et al. (1971) in other
interphase oells. Salamanca, Guzman, Barbosa and Martinez (1972)
showed similar fluorescence to that of quinacrine mustard usingzg a new

fluorochrome, chlorinetacrine,

- Quinacrine mustard has now been used to identify individual metaphase
chromosomes in, amongst others, the pig (Gustavsson, Hageltorn,
Johansson and Zech, 1972; Hansen, 1972) the ox (Hansen, 1972a; 1973
Schnedl, 1972; Evans, Buckland and Sumner, 1973) the sheep (Evans et al.
1973; Hansen, 1973a), the goat (Zvans et al., 1973; Hansen, 1973) and
the mouse (Dev, Grewal, Miller, XKouri, Hutton and Miller, 1971; Frenke
and Nesbitt, 1971; Hutten and Linden, 1971; Schnedl, 1971; Nesbitt and

Donahue, 1972; Zech, Evans, Ford and Gropp, 1972).

Although the use of fluorochromes has made possible the identification
of indivi@ual chromosomes the technique has two major disadvantages.
Firstly, a fluorescent microscore is required and secondly, the
quinacrine fluorescence fades urder illumination so that the time
available to scan a slide and examine a given metaphase in detail is
very limited. Brth these disadvantages were overcome by technigues

producing €, G and R - bands.

1.2.2. C - Bands

Whereas Q-bands were named because of the stain used to produce themn,
C-bands are so called because it is the centromeric regions of the
cﬁromosomes that are stained by this technique. They have been
defined in the Paris Nomenclature (1972) as the prominently stained

centromeric region of each human chromosome, the secondary constriction
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regions of chromosomes 1, 9 a2nd 16 and the distal half to two thirds
of the long arms of the Y. Similar prominent staining of centromeric

regions occurs in chromosomes of a number of other species.

Preferential staining of the centromeric regions with Giemsa was first
noted by Pardue and Gall (1970) ‘when they were hybridising RNA into
nice chromosomes.  Their technique involved the separation of the DNA
into single strands (denatﬁratioﬁ) folloved by reconstitution of the
ﬁNA into double strands (renaturation), It had earlier been shown by
Britten and Kohne (1968) that separated DNA strands reasscciated at
different rates. In particular, one fraction of mouse DNA, about 10%
of the total DNA content, reassociated extremely rapidly. This was
identified ss mouse satellite DNA which was locéted at the centromeric
region. Britten and Kohne further showed that this fraction consisted
of highly repetitive nucleotide sequences., Fardue and Gall had
discovered therefore, a stsining method of identifying highly
repetitive DNA which reassociated rapidly after denaturation. The
incider.ce of this repetitive DNA was investigated in man by Arrighi and
Hsu (1971). They found that aslmost all the darkly staining regions
were located near the centromere as in the mouse and that the amount of
heterochromatin varied in different chromosomes. In the Y chromosome,
the heterochromatin was located in the long arms and not at the
centromere. One significant fact was that, in females, no markedly
heteropycnotic X chromosome representing the inactive X wes identified,
Thus the procedure identified only constitutive heteroochromatin and
FACOR TATIVE
not faeuletive heterochromatin. (The term heterochrcmatin was first
used by Heitz (1928) when describing chromosomes of liverworts and mosses.
He called the hetercopycnotic regions, heterochromatin and the rest of
the chromosone, euchromatin. In later work on heterochromatin in

Drosophila mel=anocgastes he postulated that there might be a genersl
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correspondence between cytological heteropycnosis and genetical
inertness (Heitz 19%3), ke term constitutive heterochromatin implies
that the chromatin is in o permanently inactive state, whilst
FaevnTaTive

faeulative heterochromatin is potentially functional.) Saunders, Hsu,
Getz, Simes and Avrighi (1972) demonstrated that the stained areas did
not depend on the bhase sequence, but purely on the fact that they were
highly repetitive, Saunders et _alo., showed that human chromosome

. No.92 had a fraction of a repetitive DNA which differed in its base

sequences from any of the other highly repetitive centromeric regions.

The original techniques described by Pardue and Gall (1970) and Arrighi
and Hsu (1971) were rather involved, requiring denaturation with
hydrochloric acid; RNase and sodium hydroxide, followed by prolonged
incubation in saline sodium citrate (SSC) to allow reassociation.

This technique was greatly simplified by Sumner, Evans and Buckland
(1971). They tested various hydroxides and other denaturing agents
and then incubatel the slides in 2 x SSC at 60°C for one hour. It was
found that barium hydroxide was less destructive to the chromosomes and

this became the reagent of choice,

The C-banded karyotype has been examined in the ox by Evans et _al.,
(1973), Bansen (1973¢), Popescu (1973) and Schnedl and Czaker (1974), and

in the sheep by Evans et_al.,(1973)

One modi.fication of the C~banding method is the "Gievsa-ll" technigues.
This identifies particularly the centromeric haterochromatin of the
human chromoscue No.9. Staining is carried out in Giemszsa at pH 11.0
(Bobrow, Madan and Pearson, 1972; Gagne and Laberge, 1972) " The
technique is capable of demonstrating the presence of the No.9

chromosome in interphase cells, including spermatozoa. Recently it
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has been used to compare the human and chimpanzee karyotype. (Bobrow,
and Madan, 1975) The Giemsa 11 technique produced darkly stained
segments adjacent to the centromeres of one large pair of
submetacentrics, one very submetacentric pair and three metacentric
pairs of chimpanzee chromosomes,. In wman, chromosome arms lg; 5q3 Tpi
9q; 10q; 17ps and 20q were stained. These results, together with the
trypsin banding snalysis by Turleau and Grouchy (1972) have led to
various hypotheses of how the human karyotype may be related to that

of the chimpanzee.

1.2.5. G = Bands

G-banding developed as a natural consequence of the C—banding techniques
which occasionally produced a banding pattern along the whole

chromosome similar to that produced by quinacrine mustard fluorescence,
To distinguish them from Q-bands and as a result of their being
produced by Giemsa, they were named G-bands. G-bands have been

produced by & multiplicity of methods in a variety of species,.

Drets and Shaw (1971) were the first workers to demonstrate G-banding
in human chromosomes by a denaturation technique. They treated
preparations with 0.7N NaOH for 30 seconds and then incubated the cells
in an SSC solution at 65°C for 60 - 72 hours. Schnedl (1971a) used an
exposure time to NaCH of between 90--120 seconds. This was followed by
incubation in Sorensen buffer at pH 6.8 at 5900 for 24 hours, Both
methods utilised Giemsa as the final stain. With one or two
exceptions the G-banding pattern of human chromosomes resembled that of
the §-bands. The major contrast in the two techniques was that
G~banding produced stained regions at the centromere of most
chromosomes and that the secondary constrictions of chromosomes 1 and

16 stained markedly.
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It was then sihown that the bands could be produced by incubation at
62°C in Sorenson buffer without prior treatment with NaOH.

(Chandhuri, Vogel, Voiculescu and Wolf, 1971) Similar results were
produced by other werkers using different salt solutions. Sumner,

et al.,(1971) incubated in SSC at 60°C. Their technique was called
the acetic/saline/Giemsa technigue (AGS) and was adopted by a number of
other workers to examine the human karyotype. (Lomholt and Mohr, 1971;
Vass and Sellyei, 1972) A similar result was produced using 0.%%
sodium chloride buffered to pH 7.5 at 20-22°C.  (Bosman and Schaberg,
197%) These workers found that staining with either Giemsa or
Leishman would produce the banding patterns. Meisner, Chuprevich,
Johnson, Inhorn and Carter,(l973) used an 0.2M solution of caesium
chloride at 6500o In every instance the banding patterns.were broadly
similar to those produced by quinacrine fluorescence, Utakoji (1972)
used a dilute potassium permanganate sclution to oxidize-preferentially
the pyrimidine residues of heat denatured DNA. After short incubation
in 10mM potassium permanganate and staining in Giemsa, clear banding
patterns were formed on chromosomes of man, rat, mice und Chinese
hamster. Other workers have used phosphate buffered urea solution.
(Shiraishin and Yosida, 1971 1972) Banding patterns have alsc been
produced simply by using a very dilute solution of Gieusa stain.
(%anche#, Escobar and Yunis, 1973) They have even been reported as
gppearing spontaneously on aged Giemsa stained preparations. (Zuelzer,
Ottenbreitt, Inoue‘and Zuelzer, 1973) These workers examined slides
that had been stained with Giemsa without pretreatment, between two and
nine years previously and found a definite banding pattern on some of

the metaphase spreads.

Despite the variouz methods available the technique most commonly

adopted in routine analysis of human chromosomes is one which depends
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on the use of enzyme digestion as a pretreatment. The method has the
advantage_of producing distinct G~band patterns without the prolonged
incubation time required by alternative techniques, The first
description of enzyme digestion producing bands in human'chromosomes
wvas by Dutrillaux, de Grouchy; Finaz and Lejeune, (1971). These
workers used the enzyme pronase. In the same year Seabright

published her preliminary report of the use of trypsin to produce
G-bands in human chromosomes after Leishman staining. Seabright,
1971) A more detailed report appeared in the following year together
vith the identification of the segment involved in a 1-18 translocation,
using the technique. (Sesbright, 1972) ‘89light modifications of the
original technigue were published at intervals (Seabright, 1972aj

19?3). The great advantages of trypsin banding techniques compared to
pthers described are that the procedures can be carried out at room
temperature on routine air-dried preparations, and can be completed for
examination within ten minutes or less. Even the original disadvantage
which was that the preparations required to be left for five to seven
days before trypsinisation in order to obtain optimum resolution, was
overcome by treating the preparations with hydrogen peroxide (Seabright,
1973). Other workers quickly igvestigated Seabright's technique. Wang
and Fedoroff (19?2) uéed trypsin and trypsin-versene in 032+ and Mg2+
free bulanced salt solutions. Control éxepixations treated solely
with Ca2+ and Mg2+ did not form bands when stained with Giemsa. éome
Austrian workers used the proteolytic enzyme Fankretin, a combination
of protease, amylase and lipase and produced banding patterns
essentially the same asthasgxmoduced by trypsin (Muller and Rosenkranz,

1972).

The trypsin banding technique had, uwntil recently, been used almost

exclusively for the examinetion of human chromosomes.  However, it



has now been used to compare the human and chimpanzee karyotype

(Turleau and Grouchy, 1972; Bobrow and Madan, 1973). Other workers
* have examined the karyotype of the sheep (Nadler, Hoffmann and Woolf,
1973) and compared cattle, goat and sheep chromosomes (Evans et al.,

1973; Schnedl and Czaker, 1974).

1-2040 R and T Bands

R-bands were first described by the I'rench workers, Dutrillaux and
Lejeune, (1971). The banding patterns produced by these workers were
in reverse contrast to both @ and G-hands. The technique involved.
immersion in phosphate buffer at pH 6.5 at . 8700 for 10-12 minuﬁes,
followed by Giemsa staining. The procedure produced rather pale hands
corresponding to the non-fluorescent areas in the human karyotype
described by Caspersson at_al., (1971). Further comparison with
G-bands (produced by heating or proteolytic digestion) confirmed this
observation, (Dutrillaux, Finaz, de Grouchy and Lejeune, 1972).
Although reverse banding has been reported by other workers (Buhler,
Tsuchimoto and Stadder, 1973) it is not a technique that has been used

Widelyo

A variation of the technique has been described recently by Dutrillaux
,(1973)° With this method the terminal parts of human chromosomes were
preferentially stained. These bands were named T-bands and their
formation would seem potentizlly useful in identifying terminal
translocations, T-bands could be produced with the same techniques as
those employed for R-bands except thet the procedure was carried out at
pH 5.1, With thiz method the T-bands were only faint and sometimes
difficult to differentiate from R-bands but it had the advantage of
producing bands visible undsr a light microscope, An alternative

method was to incubste in phosphate buffer at pH 6.7 at 87°¢ and stain



with soridine orange. This method produced good differentiation
with a terminal green fluorescence whilst the remainder of chromosome

fluoresced orange.

1.245. N-Bands

This is the latest of the differential staining techniques to be
described and identifies the nucleolus organisers in metaphase
chromosomes., (Matsui end Sasaki, 1973) The progedure involves

" extraction of somé DNA and RNA with appropriate enzymes and removal of
the histone protein in acid. In Giemsa stained preparations the N~bands
then apoear as purplish spots. The technique has been used in human,
rat, kangaroo, Indian muntjac, Chinese hamster and donkey chromosomes.
Since the technique extracted nucleic acids and histones the authors

conoluded that the N-~band substances were acidic proteins.

To summarise, there are a number of techniques which will produce.
differential staining of the chromosomes, but they can be broadiy

grouped into four methods:-

1) Quinacrine fluorachromes: These produce good, well differentiated
patterns but have tﬁe disadvantage of requiring a fluorescent
microscope for visualisation and fadins after brief illumination.

2) Alkali-heat techniques: These have the advantage of producing
bandg visible under an ordinary light microscope but some of the
techniques are timé consuming and some of the reagents damaging to
the chromosomes. However, simplified C-band techniques have been
useful in identifying polymorphisma of the centromeric region.

3) Proteolytic enzymes: These techniques have proved to be most
useful in that they produce distinct snd characteristic patterns in

a relatively short time.

N
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4) Miscellaneouss This group includes such reagents as urea,
detergents and other denaturingy agents. They tend to produce the

least consistent results.

A review of the use of new staining techniounes has besen presented b
£ } T

Pearson (1972) and a bibliography published by Nilsson (1973).

1.2.6. Mechanism of Band Formation

The mechanism of band formation along the chromosome arms has been the
subject of considerable debate for gome time. Tt has been generally
agreed that the different staining intensities reflect a variable
structure along the chromosome but it has beeon uncertain whether this
variability was of the DNA base sequences or of the assosciated

chromosomal protein.

Caspersson ¢t al., (1969) originally suggested that the fluorescent
bands were produced by preflerenticl accumulation of the dye at quinine=-
rich segmenbts of DilA. It was later shown that highly Muorescent
regicns were in fact rich in adenine and thymine (A/T) and not gusuine
and cytcsine (G/C) {de la Chapell, Schroder, Selander end Stenstrand,
1973), These workeré investigated the tomperatures at which various
‘parts of human, mouse and vole chrorosomes, denatursd in formemide.

A/T recions denatured at lower {temperabtares than G/C regions, and the

early denaturing regions were asscceiated with bright ouinacrine mustard

fluorescence, There were, however, ceriain conbradictory resulis.
H b J
Some areas which denatured al o velstively lovw tempevaiuvre, indicnting

A/T areas, did not show hright {lvoresceunce. In particular,

controneric regions ol mouse chionoxmomes, kaown to be ﬂ/T rich (Parlug

and Gall, 1970) did mol show good flunrescrnce.  Weishlum (1974)

A
1

suerested that this diccrepanc, wos dne to the distrilation of G/C



pairs within the A/T fraction. He suggested that it was not so much
the absolute A4/T : G/C ratio that was important, but rather that the
degree of regular G/C dispersion produced increased quenching of

fluorescence and hence a dull area on the chromosme.

The formation of C-bands was believed to be due to the differential
rensturation rates of various base ssquences., Highly repetitive areas
renatured extremely quickly and stained darkly. However, McKenzie and
Lubs (1973) examined the procedure involved in C-band production and
guestioned whether denaturation and renaturstion was the major mechanism.
They found that exposure to HCl alone did not produce C-bands and yew
HCl ftreatment followed by SSC incubation did oroduce good C-bands.,

This was without the intervening stage of exposure to NaOH; a procedure
considered to be a eritical step because of sodium hydroxide's
denaturing properties.  (Arrighi and Hsu, 1971) McKenzie wnd Iubs
suggested that differential lcass of DNA and/or protein was the more
likely mechanism of C-banding. However, Feulgen staining indicated
that although DNA removal did occur during the procedures, it was
unrelated to C-band staining. (Comings, Avelino, Okada and Iiyandt,
1973%) These workers also concluded that although denaturation and
preferential renaturation of centromeric NNA was occuring under the
conditions of C-banding, it had little to do with the mechanism of
differential staining. They concluded that DNA-protein interactions

were important in C-band production.

Chromosomal proteins and the denaturation/renaturation PrOcess were
also thought to be involved in the productien of G-bands. (Chaudhuri,
etenl., 19713 Lomholt and Mohr, 1971; Schnedl, 197la; Secabright, 1971;
Sumner et sl., 1971; Wang and Fedoroff, 1972) Examination of trypsin

banded human metaphase chromosomes with the electron microscope
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revealed a complex network of chromatin fibres. (Ridler and Ohara,
1972)  There was no sharp demarkation between band and interband areas
but band regions did have a greater network density. These workers
suggested that it was release of vrotein from the chrcmatin fibres

vhicn reduced the affinity for staining and produced swelling, chrematid
fusion and formation of interchromosomal connections. They postulated
that the band regions were_composed of chromatin containing proteins
relatively resistant to proteolytic agents. L similar result cf
trypsin treatment was seen with the electron microscope by Burkholder
(1974).  Kato and Moriwaki (1972) studied various factors involved in
the production of bands in Chinese hamster chromosonmes. Their &ain
finding was that alkalis, strong bases and protein denaturants were the
most potent band producers and from this they concluded thet protein
extraction was of prime lmportance in chromosomal tending. Tav,
Warburton snd Miller (1972) suggested that since Ca2+ and Mg2+ free
solutions vere requlired to produce (Giemsa banding and trypsin itself
bound to Ca ions, the eliminaticn of these cations was important in
Giemsa banding. They compared 052+ and Mg2+ free Hank's basic selt
solution (BSS) with BSS containing 0a®" and Me® and found that

although treatment with both solutions would produce tands, BISI + Ca2+
and Mg2+ only did so after prolongsd incubation. They suggested that
Giemsa banding of chromosomes would be produced by any pretreatment

which removed bivalent cations, The Feulgen banded pattern was

compared with that of G and @ bands in the mouvse (Rodman and Tahiliani,

U

1973)  These workers found a good correlation between Feulgen bzrding,

[

the intensity of Gilemsa staining and the brightness of fluorescence.

It was known that histomes debermined the extent of cross linkage of
DNA and they suggested that the dark.Feulgen bands could repressrt lccl
of inherantly greater DNA density or those at which histones had

become aggregated and caused DHA concentration. Since alksline
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treatment is an essential pretreatment for good contrast of bands end
alkalis aggregate histone, the latter proposition was considered more
likely. AThey further suggested that the similarities between Feulgen
bending and G and Q bands indicated that the fundamental basis for the
patterns displayed by all three methods was that of differentiai
densities of DNA or of a component whose concentration clesely followed
that of DNA, this component being the chromosomal protein. The results
of the investigations of Comings et _al., (1973) also suggested that it
was the non-histone protein interactions that were the important factors
in G-banding since absclute INA cbntent and strandiness of the INA were

shown to be irrelevant.

Daniel and Lam-Po-Tang , (1973) suggested that the R-bands were
produced beczuse of the seleoﬁivg dengturation of the A/T bages at the
'épecific temperature (8700) of the prestaining treatment, They
suggested that protein in these disrupted areas would be more easily

extracted and so the regicns stained less intensely.

Recently, workers in Bdinburegh have put Torward a theeory of bend
foraation thal seems to explain the results produced by all the
different teckniques as well as éxplaining zome of the ccniredictonry
results found by otlher workers. Firstly, it was shown that after
methanol /acetic acid fization of staundard human chromosome prepavstions
from lsucecyte cultures almost all of the histone proeteins were
extracted from the clircmrosone. (Sumner, ivane and Inckland, 19?5)
Sumnrer smd his cowﬁorkers concluded thzt the banding »atlern of

chromeogsomnes was the result of an intoraction of the dye wilh INA or

non-~-higtone proteins and examined the wechanisr of this interaction.

v}

(Suvner and Bvens. 1973) They schoved that nuelel and chromosomes Trow

whiclh: DNA hod been completoely removed did net stain with Tiemea nor



with quinncrine to any significant extent. Furthermore, blocking
protein amino groups by acetylation had no effect on banding with

either Giemsa or quinacrine. This indicated that the dyes in banded
chromosomes were bound to DNA. The staining mechanism of Giemsa was
then examined in more detail. Nuclel and chromoscmes fixed in
methanol/acetic acid and stained with Giemsa developed a magenta cclour.
This cclour was not produced when the chromosomes were stained with the
individual dyes from which Giemsa is composed, (methylene blue, azure A,
azure B and corin Y), However, a solution of methylene blue and eosin
(1:1 by weight) showed similar absorption peaks to the magenta dye when

measured on a spectrophotometer.

Combining the results of this and their previous work (Sumner et ale,
1973%; Sumner and Evans, 1973) the following hypothesis to account for

differential binding of quinacrine and Giemsa was put forward.

The magenta compound formed when Giemsa banding was produced consisted
of one molecule of eosin Y and two molecules of methylene blue, since
the molecular weight of eosin was approximately twice that of methylene
blue. These dye molecules were bound to the DNA since the magenta dye
could not be isolated in solution following extraction of stain from the
chromosome., There was no correlation between the intensity of

staining and amount of DNA so that the differentiation was due to a
variable state of bNA. In addition, since the banding patterns
produced by Giemsa and quinacrine mustard staining were almost identical,
it was probable that the same structural organisation was involved in
ﬁoth processes, Quinacrine mustard intercalated in the DNA molecule
gince the staining was blocked by éﬁ%ﬁ%ﬁigﬁigﬁgalt solutions and so

it was suggested that quinacrine muczstard bound most strongly wher the

DNA phosphate groups were at the correct distance apart for both of
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the amino groups of the quinacrine to combine with then, A
differential binding would then occur if the average spacing of DNA

phosphate groups differed from one part of the chromosome to another.

The magenta compound frem Giemsa was bound to the DNA by hydrogen
bonds since staining was lost in the presence of urea. However, the
initial staining of chromosomes with methylene blue was ioniec, since it
" was blocked by salt solutions. It was suggested therefore, that
Giemsa staining involved two molecules of methylene blue, bound to DNA
ionically, If the methylene blue molecules were then the correct
distance apart an eosin mclecule attached to the methylene blue
molecules through the acidic groups of eosin and the magenta complex
remgined in a position by means of hydrogen bonding and partial
intercalation into the DNA. Thus, as with the quinacrine mustard
staining, two bonding sites, the correct distance apari were involved.
Theoretically the two dye binding sites could be either on the sane

or separate INA umolecules, or invelve longitudinally separated regions
on one DNA chain, However, Sumner and Zvans, (1973) suggested that
the most likely mechanism was that the dye molecules crosgss-linked
adjacent DNA molecules or adjacent sites on a folded molecule. In
methanol/acetic acid-fixed chromosomes the DNA chains would be held
together by non-histone proteins and any loosening of the structure
vould result in-loss ofvaffinity for the dyes. It was shown that
reduction of the protein disulphide bonds prior to routine ASG G-handing
 procedure resulted in uniform pale staining of the chromosomes.
(Sumner, 1974) By contrast, cross-linking of the sulphydryl groups
prior to ASG G-banding tended to obscurc the banding patterns by
producing dark staining throughout the chromosome., It was concluded
therefore, that G-banding was a consequence of a varying concentration

of protein disulphides and sulphydryls along the chromosomes.
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Regions of disulphide bridges held the DNA in a compact state suitable
to receive the dye and thus appeared as a dark band. Hovever,
alteration of the disuphide bridges or sulphydryl groups had no effect

on Q-banding.

The above hypothesis proposed by Sumner and his co-workers was also
used to explain C-banding since alkali treatment caused considerable
swelling of chromosomes so that ﬁNA chains would be far apart and
staining reduced. Furthermore, it explains the correlation betwesn
chromosome bands and late replication, (Garner and Evans, 1971) since
late replicating regions would be in a compact state suitable fér the
uptake of the dye. Such late replicating, genetically inactive
chromatin appears to be particularly rich in protein disulphide grcuns
(Sadgopol and Bonner, 1970). It was al=o suggested that the formation
of bands in old Giemsa stained preparations was due to the reduction of

the dye by the suphydryl groups producing pale areas,

It would seem, therefore, that this hypothesis of differential staining
answers a number of outstanding questions regarding the various
techniques previously described. Even without a complete understanding
of the processes involved, differential staining techniques have been

very important in the understanding of various chromosomal abnormalitiecs.

l.3. CHROMOSOME ARERRATIONS

Deviation from the normal chromosome complement can occcur in the sex
chromoromes or amongst the autosomes and this deviation may be

numerical or structural.

1.3.1c. Structural Sex Chromosome Aberrations

There are very few repcrts of siructural sbcrrations of sex
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chromosomes in domestic animals. Payne, Ellsworth and DeGroot (1968)
reported a phenotypically normal mare, showing irregular ocestrous
cycles, which had a chromosome complement of 2n= 6% and no identifiable
X chromosomes. An extra, small, subterminal chromosome, abuent from
the rormal ecuine karyotype was present and the authors suggested that
this was a modified X chromosome, Inzyme concentrations for the sex
linked G-6-PD (Glucose-6-phosphate dehydrogenase) were within the

gormal limits so that at least pért of one of the X chromosomes wss
presento In addition, the mare had been seen in oestrus and ovarizn
follicles had been palpated. The mare, however, had failed to conceive
vhen bred to four different stallions over a period of four yearé.

Payne et _al., (1968) suggested that the abnormal chromosome had zrisen
during gametogenesis in the dam and that it resulted from a brezkage

and rearrangement of the X" chromosomes. The irregular chromosome
would then contain fragments from both Xm chromosones. It was further
suggested that the ococyte containing the abnormal X had been

fertilised by a spermatozoon lacking o sex chromosome. The probsability
of such occurrences coineciding is very low and the auvthors conceded

that they were unable %o exclude the possibility of mosaicism with the
normzl female karyotype of 64 XX, which would explain the normal

phenotype ané enzyme levels,

McFeely, Hare and Biggers (1967) reported a case of bovine male
pseudohermaphrodism in which the diploid number was 60. The karyotjoe
contained one normal X chromosome, an unusually largs escrocentric and no
distinguishable Y chromosome. It was suggested that the abnormal
scrocentric was formed by a pericentric inversion of cne of the X

chromogomes or by a translocation of the short arm of the X {10 an

autosome.
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Martin and Shaver (1972) reported a male rabbit with a minute Y
chromosome. The animal was phenotypically normal and was of normal
fertility. The wminute chromosome in the complement was designated the
Y on the basie of late replication, demonstrated by autoradiographic
studies, and on tr: absence eof 3 normal Y. The authors considered it
possible that this Y morphology was a normal variant, analogous to the
Y polymorphicm of man. (Unnerus, Fellman and de la Chapelle, 1967)

. The peclymorphism in man occurs in the long arm of the Y which is
composed largely of heterochromatin and genetically inert. (Arrighi
and Hsu, 1971) Cases of true structural abnormslities, as opposed to
polymorphism, of the Y chromosome oi man were reviewed by Ferrier,
Ferrier and Bill (1968)o Only three of the twentytlree cases
repoxrted were phenotypically normal males with normal tegticular
histology. Most of the patients reviewed by Ferrier et al., (1968)
lacked either the long or shoxrt z2rm of the Y and the phenotype ranged
from normal male with oligospermia through to normal female with
gonadal dysgenesis. The latter cases were all mosailcs for a 45 X0

cell line.

Ferrier et _al., (1968) also reported a case of 45 X0 / 46 XY
pseudohermaphrodite with a dicentric Y chromosome. The putative

father of this patient had a normal Y chromosome so that the authors
suggested that the dicentric Y resulted from fusion of two Y chromosomes
at the short arms.' They considsred that either the fusion.occurred in
an XYY cell from which the 46 XY die. cell line developed, or it was

the result of a brezkage and reunion of a gingle Y following chromatid

duplication,

An apparent pericentric ipversior of the Y chromosome was detected in

a phenotypically normal Ayrshire bull. Harvey, 1974~ personal
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communication.)  The diploid number of 60 chromosomes consisted of
29 pairs of acrocentrics, a submetacentric X and a small unpaired
acrocentric chromosome comparable in size to the smallest pair of
acrocentrics, The unpaired chromozome was presumed to be the Y
chromosome wnich had undergone inversion. It resembled the
acrocentric Y chromosome of Bes indicus cattle, described by Kieffer
and Cartwright (1968). The karyotyve of the sire of this animal was

unknowri.

Another form of sex chromosome aberration invelves an X - autosome
translocation. Two exanples have been reported in the mouse. In
Cattanach's translocation there was an insertion of an autosomal
segment into the X chromosome. (Cattanach, 1961) The translocation
X was recognisable as the longest acrocentric of the complement. It
was a non-reciprocal translocation and the inserted fragment behaved as
an integral part of the X chromosome, The normal and translocation X
chromosomes were shown to be late replicating in approximately the sanme

lsAneso !
proportion of cells, (Cattanach and Iseacsen, 1967)

Searle's translocation (Searle, 1962) was a reciprocal trenslocation
between the X and the distal region of chrcmosome number 16, It was
therefore designated T(X:16)16H. (Eicher, Nesbitt and Francke, 1972)
This translocation was unusual in that it interfered with the normal
process of X inactivation. The translocation appeared to be the

active X in most or all cells, (Lyon, Searle, Ford and Ohno, 1964)

Other X autosome translocations were induced in mice by irr=iiating
males. (Lyon and Meredith, 1966) Male offspring of irradiated mice
were either sterile or showed greatly reduced fertility. No sterile

daughters were produced but some did show reduced litter size. The
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sterile sons, and daughters with reduced fertility were found to have

an X-autosome translocation,

A presumptive X-autosome translocation was reported in the ox.
(Gustavsson, Fraccaro, Tiepole and Lindsten, 1968) The translocation
oceurred in a heifer which was also heterozygous for the 1/29 centric
fusion translocation described by Gustavsson and Rockborn (1964).  The
chromosome complement of the heifer consisted of 56 normal acrocentrics,
the metacentric 1/29 translocation, one normnal submetacentric X and an
abnormal, metacentric chromosome which was presumed to be the second X
chromosone. Autoradiographic studies consistently showed the abnormsl
X to be replicated earlier than the normal X. That is, there seemed
to be preferential inactivation of the nofmal X chromosome as in
Searle's translocation in the mouse. The hesifer was phénotypically
normal and gave birth to a stillborn male calf which inherited the

normal X chromosome.

1.%.2. Numerical Sex Chromosome Aberrations

Numerical aberrations of sex chromosomes are agpparently more freguent
than structural abnormalities. The X monosome karyotype, analogous to
that of women with Turner's syndrome, is well known in the mouse.
(Russel, Russel and Gower, 1959; Welshons and Russel, 1959) Whereas
in women, X0 individuals have phenotypical abnormalities such as short
stature, and webbiné of the neck, together with ovarian dysgenesis
(Turner, 1938), X0 mice are phenotypically normal and fertile. However
breeding programmes with X0 mice revealed a much lower frequency of XO
offspring than would be expected on the basig of normal segregation.
(Cattanach, 1962; Morris, 1968) Overall litter size was smaller
than the average litter size of normal XX mice. This reduction was
presumed to be due to embryonic loss of X0 and YO individuals. All

the YO individuals and approximately one third of the X0 individuals
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would be expected to die prenatally. (Russel ¢f al., 1959; Welshons
and Russel, 1959) This would result in a litter size only approx-
imately 68% of normal. Cattanach (1962) considered that his results
showed a larger litter size than the expected and suggested that
preferential selection 6f the X carrying gamete was taking place.
Dissection studies by Morris (1968) in normal and X0 mice showed that
most of the embryonic loss occurred pricr to implantation. The posgt-
implantation loss was greater in X0 females. It was suggested thet
the deficiency in the number of expected XO offspring was due both to a
deficiency of nullo gametes at fertilisation and to a loss during
embryonic development. The possibility of non-random segregation
during oogenesis in X0 mice was also investigated by Kaufman, (1972).
He colleated oocytes from X0 ard XX females and examined the

chromosome complement at second metaphase. Onz hundred oand forty-
five cocytes from X0 females and 105 from 22X females were collected.
The number of scorable preparations wag not reported but Haufman stated
that there were approximately itwice as many covybes with twenty
chromosomes (X bearing gametes) as with 19 chrowosones. This strongly
suggested a non-rondom segregation ot the firvct weiotic division.
Kaufmen (1972) cormented on having observed a YO karyobyuve at the Tirsi
cleagvage division inafmouse zygote Wut this appesrs to be the only
report of a YO complement, which is considered Ho bo nonviable.

(Welshons and kussel, 1959) .

Phe %0 condition has been reported in on XO/XY true heracnhrodite
mouse.  (Iyon, 1969)  The animal hed a mele phrnotype but with a

peoorly developed scerotuc. Upon dissection, thn lofb goned was found

1o resenbls an abdominal bLeutis and the right =2n ovary.
Higtolorlcally, tho ovary ocontadsed munoerous Tollicdes bul re corpni:
luten, Tho ovavian stroena was hypertrophied end tonded 40 bo

AN
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arranged in cords. The testis showed a number of arcas of abnormal
spermatogenesis and some empty tubules contained hyaline material.
The XO/XY karyotype has not been reported in other species apart from

man, (Jacobs, 1966).

An XO/XX constitution was reported in the mouse by Cattanach {1967) and
Green (1967, quoted by Lyon, 1969)., Evans, Ford and Searle (1969)

" described an XO/XYY mouse, the cffspring of a genotypically normal male
that had undergone irradiation. The XO/XYY complement was estzblished
from bone marrow cultures. Only the XYY cell line was fourd in the
meiotic preparations. The authors suggested that the animal waé a
true mosaic, having developed from an XY 2ygote in which there had
been non-disjunction of the Y chromosome at the first cell division
giving rise to X0 and XYY cell lines. The significant finding wvas

the absence of an X0 cell line in the testes. It was suggested that,
although this could have arisen by chance distribution of cells during
organcgeny, it was more likely to reflect a true physiological
difference in the two cell lines. They postulated that the primordiel
germ cells of the X0 line had failed to establish themselves as
spernatogonia, and that the failure was due to the absence of a Y
chromosome. This they considered essential to ensure normal

spermatogenesis.

The only other report of the XYY constitution in the mouse was by
Cattanach and Pollard, (1959). They reportcd an animal which was
phenotypically normal but infertiloe. After slaughter the testes of
the animel were found to be abnormally small, Meiotic preperations
produced 16 cells with 20 norms1 bivalents, including the X-Y bivalent
with end to end association, plus a small extra element which

resenbled the Y chromosome, A further eight cells had 19 bivalents, -
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a univalent X and two small elements, In two other cells, these two
small elements were paired to form a bivalent and the X remained
univalent., Chromorome counts on seven spermatogonial mitoses
confirmed the diploid number as 4l. This animal was not completely
aspermic since a few spermatids and spermatozoa were observed in the
testes and the authors specculated on the possibility that fertile XYY

mice might exist.

In man, estimates of the incidence of XYY males from surveys of newborn
populations ranged from 1 in 250 (Sergovich, 1968) to 1 in 1,100,
(Court Brown, 1968). The extensive literature on the topic has
recently been reviewed by Kessler and Moos (197C), and they cast doubt
on the postulated =zssociation of the KfY karyotype and agressive and

criminal tendencies.

A syndrbme in man involving excess X chromosomes with a single Y
chromosome is characterised by increased heipght,

hypo-orchidism and azcospermia, The clinicgl condition was originally
described by Klinefelter, Reifenstein and Albright, (19:2) and was
namned the Klinefelter syndrome, Later workers demonsztrated that
affected individuals had a ATXXY chromosome complement, (Ford, Jones,
‘Mittwoch, Penrose, Ridler and Shapiro, 1959). This particular type of
chromosome complement has been described in a variety of domestic

enimals.

Russel and Chu (1961) reported the first cytogenetically confirmed case

of XXY in the mouvses This animsal vwas of normal size and sterile.

Bruere, Marshzll ~nd Ward (1969) described two rams with testicular
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hypoplasia and an XXY sex chromosome constitution. They described
this to be the ovine gquivalent of the Klinefelter syndrome in man.

* Both animals showed bi-lateral testicular hypoplasia but libido was
unimpaired, suggesting that there was no androgen deficiency.
Histological examination of the testes revealed seminiferous tubules
lined by a single layer of well differentiated Sertoli cells, but there
was no evidence of hyalinization of the tubular basement membrane that
had been reported in man. (de la Balze, Bur Scarpa-3Smith and Irazu,
1954) Behavioural studies with these and a further 4 Klinefelter rams
failed to show a lower "mental" performance in the Klinefelter animals

(Kilgour and Bruere, 1970; Bruere and Kilgour, 1974). Plasma
ﬂéhra&véz%mmf

e levels were lower than in normal rams and within the range

of normal ewes (Bruere and Kilgour, 1974).

A dog with an XXY sex chromosome constitution has been described by
Clough, Pyle, Hare, Kelly and Patterson (1970). The animal was a
phenotypic male which had been obtained for use in a study of congenital
heart discases and was known tc possess a subaortic, interventricular
septal defect. When fully grown the dog was small for the breed
(German shorthair pointer) and the testes were only half the normal
size, Histological examination revealed testicular hypoplasia and
aspermatogenesis. Blood and {ibroblast cultures and bone marrow

preparations revealed a chromosome complewment of T9XXY.

A similar testicular histological picture was found in a pig with a
39XXY karyotype. (Breeuwsma, 1968) The animal was an intersex with a
uterus-like organ and two small tesites. This was the first report of
an XXY sex chromosome constitution in the pig. In the same year
Harvey (1968) reported a case of 39XXY/40XXXY in a pig suffering from.
lymphogarcoma, The animal was a castrated male and therefore no

histological information on the status of the testes was available.
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An intersex horse with an XXXY sex chromosouve constitution has also
been reported, (Gluhovschi, Bistriceanu, Suciu and Bratu, 1970) =znd
another intersex horse with a 6AXX/65XKY moszicism was described by
Bouters, Vandeplassche and de Moor (1972). The animal was registered
in the studbook as a female but showed strong male behaviour in the
presence of other mares. Erectile tissue was located at the entrance
of a rudimentary vagina from whiph the processus urethralis emexced.
Rectal examination revealed a short penis but no genads were palrable.
Two small, intra-abdominal testes were located snd removed at
laparotomy. Hietological examinetion revealed hypovlastie, inactive
seminiferous tubules. Spermatogonia could not be identified. Blicod
leucocyte cultures demonstrated a chimeric karyotype in toat 957+ ¢ the
cells examinod were of the normal female constitution, 2n=f4XX whilet
5% of the cells were 2n=65XXY. Chremosone studies were not made from
other ticgues but it would hsve been intaresting to know whether the
low incidence of 65XXY cells in the blood was reflected in gonodsl
tissue. Another horse intersex, describhed by Basrur, Kanagawa ant
Gilman (1969) had a complex, four cell line mosaicism, one of which

.

was XXY, The animal was phenotypically male but the 12Tt testis wa:
apparently undecscended and the right, hypoplastic, There was a well
developed vulva within which was a short renis. Histological

examination of the descended testis revealed an abscnce of germ cells,

Chromoscone studies from testicular tissue showed a ccmplex mossielsn

.

consisting of 29,6% 64 XX cells, 17.6% 64XY ce2lls, 2.8 65 XXY czlls
and T.4% 63 XC cells. The remaining 2,5% of cells had undiagnossd
sex chromosome complements, Brarur et el., (1969) sugrested that thls
mosailc could have arisen as 2 result of mitotic wbrormality of sn XY cx
XXY zygote. However, more extensive chromosene analysis, togeth:or

with blood typing snd a cnlculsticn of the inecidence of "drumstievz"

in blood neutrophils indiceted the horase to be a ehimersa rether thon
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a mosric. (Basrur, Kanagawa and Podlisachouk, 197¢)

It would secem, therefore, thal an excess of X chremosomes produces 2
similay syndromr in domestic snimals ~nd in men, In particul~r there
is complete aspermatogenesis.

In cats, the XXY sex chromosome complemsnt has been recognised z¢ ona
of the mechanisms for the development of male tortoiceshell cate.

The tortoise-shell coat pattern normally only cccurs in a female
having the genotype 00+ at the X -~ linked orange leocus and the
variemsted »attern is produced as the result of rendom inaotiva%icn of
one of the X chromosomes as hypothoesized by Lyon (1961).,  The first
report of an XXY male tortoise-chell cat was by Thuline snd MHorby
(Le€1)., They descrited two male cats, one of which lacked gonadel
tissue and the other showed asnerraiogenesis in the deccended testes,
Roth animals had the tortoise-shell coat pattern, and both choved
chromatin-positive bucecal smears, Rlood cultures revenled a hkzryctyne
of 2n= 39XXY. L sirilar case has been reported in a Hiralayaen cnot
with tortoise-shcll points. (Pyle, Fatterson, Hare, Xelly and
Digiulio, 1971) The left testis of this animal wos in the inguinal
regior, near the scrotum, and the right was just inszide the internal
inguinal ring. Histolegicsl examination of the left testis showed
seminiferous tubules lincd by Sertoli cells but an sbsence of
Spermato;cnesis; Cther ¥XY male tortoice-ghell cats have been
tripleid-diploid chimeras. (Chu, Thuline and Norby, 1964; Thuline znAd
Norh,, 1968; Gregson and Ishmael, 1971) Moet of thesz animals vere

XL/ANY sex cavomoscme chimeras.  Cregson and Ishmnel reported a cat

(82

with 38XY/57XYY cell mosnic, This ardwal posseszed norazl size
testes =nd histological examiaction revealed seminiferous tubules lined

by cells showing all stages of sperratogenesis including spermstozos.



Skin cultures revealed only two triploid cells out of 109 counted, the
predominant cell line being 38XY. This presumably explains the male
phenotype, but it is interesting that such a low incidence of 57XXY
cells was sufficient to produce the tortoise-shell coat pattern.
Loughman, Frye and Condon, (1970) reported three male tortoise-shell
cats with 58XY/59XKY cell lines. One animal had testes slightly
smaller than normal, a second had grossly underdeveloped testes and the
genital status of the third was unrecorded. Histological preparatidns
vere made from only the grossly abnormal testis and the proportion of XY
and XXY cells in the bone marrow culltures was unrecorded. None of the

three animals appears to have been considered fertile by the authors.

Another method of development of a male, tortoise-shell cat is by
simple XX/XY chimerism. Unlike the XX/XXY chimeras, the testes of an
XK/XY individual described by Malouf, Benirschke and Hoefnagel (1967)
showed some seminiferous tubules in which spermatogenesis was taking
place, The proportion of XX and XY cells from various lissues was 57%

and 43%% respectively.

The most common example of blood cell sex chromosome chimerism ig the
bovine freemartin. Vhilst sex chromosome chimerism is neither a
structural nor numerical abnormality, it is dncluded in this scction and

will be discussed briefly because of its impertance in domestic animals.

Le3ede Ireemorting

A freemartin has . been defined as a sexually imperfect, sterile female
partner of a pair of heterosexual twins. (Swett, Matthews, Graves,
1940) Only about 8% of heifers born with male co-iwins are normeal .
(Marcum, 1974) The frecmarbin heifer has female external gunitalisn

but the internal genitslia show vurious degrees of masculisstion.
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Characteristically, there is a normal vulva but with excess vulvsl hair
and an enlarged clitoris and shortened vagina. The gonads are srall,
often ovotestes, and seminsl vesicles may bhe present. As early as the
beginring of this century, it hed been suggested that for freemartins to
occur the twins must be of unlike sex and vascular anastomosis must
occur, permitting tansplacental passage of hormones from the male to

the femzle foetus. (Tandler andAKeller, 1911; Lillie, 1917) it was
suggested that these hormones caused umasculinisation of the femcle
genital tract. Qwen (1945) found that when placental anastomesis
occurred, bone marrow precurscr cells were exchanged and the co-twins

showed erythrocytie chimerism.

The hormonnl thecry of freemartin development was accepted until Chno,
Trujillo, Stenius, Christian and Teplitz, (1962) demonsirated sex
chromosome chimerism in bone marrow cells and Fechheimer, Herschler
and Gilmore (1963) demonstrated XX/XY chimerism in leucocyte cultures.
Pechheirer et al., (1963) suggested that the frecmartin phenotyps was
produced by the gex chromosome chimerisme. Jost, Vigicr and Prepin,
(1972) evemined esrly foetuses from multiple pregnancies in cattle =zrd
found trat there was normal development up to 48 days of gestetion
after which developrent of the ovaries of presurptive freemartins
ceased. Inhibition of the Mullerian duct occurred at the same stage,
Ohno et _2l., (1962) had shown that the male co-twin also possessed
blood cell chimeriém, and in addition XX cells were detected in the
testes. However, no XY cells vere found in the freemartin gonzads.
The zbeence of XY cells in the freemartin gonad wes confirmed by ciner
workers., (Short, Smith, Mann, Evans, Hallett, Frysr end Hamertcrn,
1969) Nevertheless, the gonads of these freemartins were shown to be
gecreting testosterone, Short et al., (1969) sugrested that the
freemartin was probably masculinised by the secretions from its cwn

gonads,
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It was originvally suggested that the proportion of XY celle in the
frecmartin was related to the degree of mascnulinisation (Herschler acd
Fechheimer, 1967)buta more recent repcrt has failed to confirm this
correlation. (Vigier, Prepin and Jost, 1972) Indeed there has been
one interesting report of a phenotypic, fertile bull, born co-twin to 2
phenotypic freemartin, whose karyotype from leucocyte cultures was

60 XX. (Kosaka, Kanagawa -and Shikawa, 1969) Tne total number of
cells counted was 1291 so that the possibility of leucocyte chimexism
can almost be excluded, The sex ratio of the offspring of this bull
did not differ significantly from the expected 1l:1l ratio. This,
suggests tnat tuae blood cell precursors had originated solely from the
cross-over of the co-twing XX cell lins. It is unlikely that the
culture technigue was giving preferential advantaze to the X¥ cells of

an XX/XY pepulation.

In sheep, the incidence of freemartinism is mueh lower than in cattle.
It has been estimated that placental anastomosis occurs in only 5% of
ovine twin pregnancies, (Stormont, Weir and Lane, 1953) Dain (1971)
found an incidence of two freewmartins in the offspring of 870 ewee and
from her data she estimated that the sort of placental anastomosis
which czused freemsrtinism occurred in only 1.2% of twin conceptions.
Both freemartins occurred in inbred lines and it has been suggested that
vascular anasto@sis occufs more frequently in inbred flocks.
(Alexander and Williams, 1964) Dain (1971) diagnosed freemartinism
on the basis of sex chromosome chimerism in leucocyte cultures.
Chromosom=sl evidence of the freemartin condition in sheep was first
providod by Gerneke (1965) but erythrcecyte chimerism beitween
heterosexual twins hzd been demonstrated more than ten years earlier.
(Stormont et _al., 1953)  Bruere (1966) and Bruece and MacNab (1468)

examined =ix intersex sheep. Leucocyte cultures revealed a sex
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chromosome chimerism but fibroblast cultures chowed only XX cell lines.
Similar results were obtained by Jonsson and Gustavsson (1969) who
examined various tissmes from an intersex lamb, originally thought to
be a female sib to two male siblings but which was in faot & freemartin,
Despite these reports of blood cell chimerism, vascular anastomosis has
only once been demonstrated definitely, (Alexander and Williams, 1964)
and yet fusion of adjacent chorions in gheep multiple pregnancies
_eppears to be normel., (Mellow, 1969) Mellor found that only minor
vessels crossed the fusion line of two chorions. They were usually
less than 0.5 mr in diareter, and very few of these formed an
anastomosis with the vasculature of the adjoining chorion. No
anastomoses of placental circulation from shared cotyledons were found.
He concluded that the minor anastomoses that do occur between
neighbouring foetuses do not permit mixing of the two circuwletions in
detectable amounis, It is obvious therefore, that for the condition
of freemartin to develop in sheep far greater anastomoses mast take

place and the stimulus for this process remains obscure.

Bruere and MacNab (1968) found no correlation between the percentage

of male cells and the degree of masculinisation. Dain and Tucker

(1970) reported an increase in the number of aneuploid cells in
freepartins.  Bruere, (1967) reported an increase in aneuploidy in
freemartins over 4 years old but considered that the aneuploidy was

due to the age of the aﬁimals and not the fact that they were freemartins.
An 18 month old freemartin had a model chromoscome count near to that of
normal animals, Furthzrmore, Bruere and MacNab (1968) did not find

abnormal aneuploidy in the six freemartin sheep they examined.

In the pig there have been three reports of interscx pigs with an XX/XY
sex chromosome chimerism.  (McFee, Knight and Banner, 1966 Bruere,
Fielden and Hutchings, 1968; Vogt, 1968)  However, the condition is
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not common and most cases of intersexuality in the pig have been

genetic females. (Breeuwsma, 1969)

Only one report of XX/XY sex chromosome constitution in the horse is
known to the writer., This case was a complex XX/XY/X{Y/X0 chimera
although the XX/XY ¢ell lince consisted of 4702% of the cells counted
and 25% had a doubtful sex chromosome compleﬁ%nto (Basrur gt al.,

1969)

To summarise, hypermodal numbers of sex chromosomes have been reported
from a number of species and are compatible with life. By contrast,
absence ofan X chromosome appezrs to render the QY zygote inviable
whilst absence of one of the X chromosomes from an X0 zygote greatly
raduces its chance of survival. Structural abnérmalities of the sex
chromoscmes appear to be rare. Mot only are there few reporis of such
findings in neonatal or adult populations, but chromosome studies of
abortuses have not shown a higheor incidence then in livebhorn
individualea (Carr, 1967} This tends to suscest that strﬁctural
aberrations of sex chromogoﬁes arn indeed rare ocourrenccs. This
{inding is pcrhape nof surprising, since a systom that allowed for
frequent structural abberrvalions of such important elements would
quickly be sclf-Llimiting. It is significant too, that there is a
greater incidence of supernumery X chrorosomes than Y, since according
to the Lyon hynothesiz (1961) only one X chromosome romains seneticnl ly
wetive thronghoul the cellls life, Without this pens compensation
mechanism, it is diffdicult to imogine how such X chromosome pelynleidy

could be tolerated. -




1.304e Numerical Aubtosomal Aberrations

Compared with numerical aberrations of the sex chromosomes, numerical
aberrations of autosomes are not common. Indeed, there is good
evidence from cytological study of human abortuses that many such
sberrations are incompatible with life. Carr (1965) found 22 of 44
spontaneous human abortuses to be trisomic for an aubosomal chromosome,
A further 9 specimens were triploidies with a chromosome number of

In =€9, A further study on spontancous abortuses following conception
“after cossation of oral contraceptives (Carr, 1970) showed a rise in
the incidence of polyploidy. In particular triploid abortuses vere
4% times more somnmon in the post-oral-contrzceptive group than in the
control group, and tetrepleid abeorluses were six times more comion.

In an investigation of abortuses fclloving induced ovulation Bouc and
Boue (1973) found that 610 of 1457 aponianeous abortuses had sbnormal

karyotypes aud 970 of lhese were numericz] abnoimalities.

Couparable data on abortuses fron domestic aniwmals are nol available.
However, karyotyric analysis of pre-imgdontalion blacstocysts of &
numbexr of iaboratary animaio has reveoied an incldonmce oF zutosomal
chnormalities far in excess of liat walch 1o Tound in the live burn.

3 )

population, Shaver and Cory {(1987) examined rabbit blastocysis alier

deloyed fertilisabion and found lihat tihe commonest chromesone anounnly

was polyploddy. Turfther work by the soae aubthore (Shaver and Corr,

[}
1903) confirned the high incidernce of triploidy following daelayced
fertilisation. 4 einilar wesult wes roported in tur wouvse Ly Vickors

.

1969) vue found thol there was o alue-fold incvezse in triploldy
-~ . - (e
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follovwing delayec fertilisavion wug ko aad Rompel-Helureish (L)bo)

ceir gxnorinenicl lwol

[ O . R S R N e A 4
reportol that clumost all drigioia focluszes dn

wore lout hwefore ox soon allor duplandations
i



Tricomy has been idenﬁified in a macerated foetal cat. (Renirschke,
Edwards and Low, 1974) Three phenotynically normal foetuses were also
"present in the uterus and fibroblast cultures demonstrated a normal
karyotyne. The authors suggested that death of the mscerated foetus

was due to the autosomal trismony.

Despite the efficient elimination of numsrical autosomal anomalies
during gestztion, such chromosome compleaents sre cceasionally Ffound
in the nopulation. The commonest autosomal trisomy is that found in
individuals suffering from Down's syndrome. The condition is
characterised by mental retardstion, skeletal abnormalities with
facial disorders, congenital heart conditions and a high incidsanee of
leuncaemia, and was shown to be associated with the asdditional
gubmetacentric cheomosome in the cormmlement, (Lejeune, Gsutier and
Turnin, 1959) Two other antosowmal irisomies are recognised in man.
One is trisomy 13% (Patau, Smith, Therman, Inhorn, and Wagner, 1960)
mich is cheracterised by facial defects, such as clefi palate, kidney
and c¢ardiac defects and skeletal abnormalities, The second is trisomy

18, Thise is alse characterised by cardiac defects and facisl

abnormalities with severe mental retardstion. Both conditions usu=lly
result in death of the individual in esrly infancy. Towever, there

has been one report of a 10 year old givl with trisory D, (Morden and

Yunis, 1967) and 3 15 year old girl with frisomy 18 (Hook, Lehrke,

[

tosencr and Yunis, 1965) Beoth were severely wental ly retsried. &

detailed examination of I triscmy nstionts has been made in an atternnt

to relute the worpholoegical abnorinalities with the extra chromosores.

Ty

(Marin»“adillm, Hoofrnogel, and Benirschhe, 1964) These cuthors

congidered that the duplication of tisrfue such an the Mullerian duet
derivatives and dicito, ftogether with cexoess bissun axpressed as
eurernunery lobules of lhe liver, Jiss, pancveas and kidooy were

dircotly attritut ble to the exlrs chromozeme. Phey thouwt that the

>
&
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skeletal and facial abnormalities were a secondary effect of some

other alteration in early embryonic life.

An autosomal trisomy has been reported in a water vole (Arvicola

terrestris L.) caught in southern Sweden (Fredga, 1968). The animal

died shortly after capture so that no assessment of fertility was made.

The animal was phenotypically normal.

There have been five reported cases of autosomal trisomy in cattle, each
associated with brachygnathia (Hérzog and Holn, 1968; Mori, Sasaki,
Makino, Ishikawa and Kawata, 1969; Holn and Herzog, 1970; Dunn and
Johnson, 1972). Three of the animals were males and two were females.
Herzog and Holn (1968) suggested the extra chromosome was either 17 or
18 in their case. The extra chromosome in the case reported by Dunn
and Johnson (1972) was larger than the largest normal autosome. The
case reported by Mori et al., (1969) was that of a grossly abnormal

calf with multiple skeletal abnormalities and abdominally retained
testes. Herzog (1974) reviewed the literature on autosomal trisomy

and brachygnathia in cattle.

A cryptorchid twin calf was reported by Hoffman (1967) to have a 60XY/

62XX chimerism of cells of the testis,

By comparison to the ox, autosomal trisomy in the mouse does not appear
to be lethal, There were two reports in the same year from
independent workers of phenotypically normal mice with an autosomal
trisomy. Cattanach (1964) reported a sterile male, which had normal
sized testes but histological and cytégenetical examination revealed

spermatogenic arrvest at the fivst meiotic division. This animal was
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trisomic for onc of the smaller acrocentric autosomes, Since the
father had been treated with a mutagen it was assumed that non-

disjunction had occurred in & meiotic division of the father.

Griffe and Bunker (1964) reported three mice which were trisomic for
three different autosomes. Bach was phenotypically normal but two
were completely sterile and one had reduced fertility. The sires of
each of the three animals had been irradiated in the area of the testes
some weeks prior to coitus and it was assumed that non-disjunction had

occurred due to this irradiation.

The apparent lack of phenotypic effect of the extra chromosome in mice,
compered to other species is extremely interesting. However, since
the repcrts were all of artificially induced abnormalities it may well

be that the extra chromosome was not completely functional.

Autosomal monosomy is even more rare than trisomy. Cases of partial
monosomy are known in man, for example the cri du chat syndrome.
(Lejeune, Lafourcade, Berger, Vialatie, Boeswillwald, Seringe and
Turpin, 1963) These individuals have a partial deletion of the short
arm of chromoscme namber 5. There has been a report of monosomy G

in an infant with clinical fewubures very similar to those describsd in
other cases of~pantia1'G MeENoOSomy . (Lejeune, Berger, Rethore,
Archambault, Jerome, Thieffry, Aicardi, Broyer, Lafourcade, Cruveiller

and Turpin,1964)

There has been one report of a possible monosomy plus trisomy of
chromosomes in a bovine Anidian twin monster. (Punn, Lein and
Kenney, 1967) The male twin had a normal male karyotype of 60 XY,

vhilst the monster had a 61XX/60XX chromosome complement. Definitive
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karyotypic identification of the abnormal chromosomes was not possible
but since both cell lines had an unpaired ac;ocentric autosoﬁe, the
largest of the complement, it was suggested that both cell lines were
monosomic for a large acrocentric, the 60XX line trisomic for a small
acrocentric and the 61XX line had two extra small acrocentrics. No

other report of autesomal monosomy is known to the present author.

An extra chromosome appears to be tolerated better than the loss of a
chromosome, but both conditions seem likely to be incompatible with

life.

Triploidy was the second most common chromosomal abnormality found in
spontaneous human abortuses (Carr, 1965). It has been suggested that
death is due to the delay in growth, brought about by prolongation of
the time required to complete one or more stages of the mitotic cycle
(Mittwoch and Delhanty, 1972). Dunn, McEntee and Hansel (1970)
reported a Holstein intersex, anatomically a true hermaphrodite which
was a dipléid XX/triploid XXY chimera. Cultures from a variety of
tissues reflected a higher incidence of triﬁloid, Y~bearing cells of
mesodermal origin from the right side of the animal, ipsolateral with
the ovotestis., The percentage of triploid cells was different in the

. different tissues but they were always rare.

1.3.5. Structural Autosomal Aberrations

Structural rearrangement may occur within one chromosome or involve
the exchange of material between two or more chromosomes. Types of
aberrations in the first category include deletions, peri and
paracentric inversions and ring formations. Those involving more

than one chromosome are reciprocal translocations, insertions, tandem

49



and centric (Robertsonian) fusions and centric fission.

1.3.6. Intra-chromosocnal Resrrangement

Deletions may be terminal with resultant loss of the acracentric fragment
the next mitotic division, or interstitial with loss of the fragment

and reunion of the two breal pcoints. If a terminal deletion occurs in
both arms of the chromosome the union of these arms produces a

chromosome with a ring formation.

A chromosome deletion has been reported in four uvnrelated sheep born

with Brachyenathia superior. (Luft, 1972) Rach animal (two ewes and

two rams) was apparently a mosaic for a deletion of one of the acro-
centric chromosomcs, designated number 1% by the author. The same
author reported a fifth ram with a deletion of one of the chromosomes in
the group 16-21. (Luft, 1973) This animal was phenotypically normal
and a mosaic for the deleted chromosome, In a2 number of cells the
deleted fragment was identified. Differentiation of the individuzl
acrocentric chromosome in the karyotype of the sheep is not possible
with normal aceto-orcein staining so that localisation of a defect to 2
particular chromoscme is difficult. In addition, unless the
preparations provide a clcar indication of the centromeric positioa,
one chromatid may appear longer than the other by the configuration of
the metaphase spread on the slides For thit reason an interpretation
of apparent deletiong, pariticularly when not present in every cell
counted, has to be made with caution. Nevertheless, it is
theoratically possible for such a mozaic bto occur. If the break and
deletion in one chromatid occurred during cell division ther one cf

the danghter cells would carry the deleted chromos:me znd the other

daughter ccll wonld be normal.
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Halnan (1972) reported deletions in one or bebth chromitids of one
chromotome in the group 14-26 in the ox. The deletions werc scen in
5-107% of cells in six bulls with a history of infertility ox
subfertility and in one Freemsrtin and a relationship between
chromosomal abnormality =nd infertility was claimed. No indication
was given as to whether fhe deletion appsared in both cell lines in
the Freemartin and the correlation with infertility was doubtful.

Furthermore, photopraphs of ihe affected chromczomes presented the

appearance of mark~d secondary constrictions rsther than deletions.

Multiple chremosome bresks have been reported in s set of bovine
quintuplets. (Basrur and Steltz, 1966)  (ne heifer calf died at birth
but three mazles and one female survived and all were XX/XY chimeran.
Distinct caromosome breaks were seen in the donor cells in all four
animals, but the male cell line of the heifer showsd a greater
percentage of affccted cells (approximately ?Oﬂ) than the female cell
line in the males, (less than 1(53).  The authors sugeested that the
abnormality was possibly due to attempted rntibody producticn of the

host against the doner colls.

Chromosoma brenks have also been irduced after prolonged consumption of
vherylrutazone in both man (Stevenscn, Bedford, ¥ill e=nd Hill, 1971)

and the horse. (Muovenuon, Hastie and archer, 1¢72)

Inversions invelve two breaks in the szme clivomosone srw, with
inversion and reunion of the intervening frasment. 4 pericentric
irversion includes the centromere whilst nuracentric inversions éo nol,
Since pericrriric inversions include the centromere their oceurrence i
nore easily detected becutse of the alteralion ¢f chromosome morphology

In man, pericertric inveavcion of chromcsome rmumber 9 is a relatively
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comaon polymorphism. {de 1a Chapelle, 1974: personal communication)

FY

A similar polymorphism, involving pericentric inversion, occurs in the
J A 4 £ H
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deer modEE(Herom sore mauTauiatne) (Chno, Weiler, Toole, Christian,

and Stenius, 1966) Two cases of nericentric inversicn have heen
reported in catile. Short et al., (1069) described a metecentric
marker chropesome, presumably duc to a pericentric inversion, in the XY
cell line of a pair of heterosexual bovine twins,  ropescu (1972)
described a rericentric iaversion of one of the small acrocen*ric
chromesemes, gossibly nuwmber 14, in a four year old bull, The animal
had been reflerred for cxamination beczuse of reduced feortility.
Hamerton (1971) hes susgested that infertility, as a conseguence of
unbsalanced duplication or deficiency cf the inversion, is more likely
to he demonstrated in the mule since the unbalanced crossover chronoid
may be included in the polar body in female gametogenesis.

» )

e diffevcnce betuwaen the T chromosome of Turopean cattle (Bos ta.rus)

which is a snill submolecentric chromosome and Asian cattle {Bos

*ndicus) which is a seall acrocenbrisc erromosome ([ieffer and Cortwricht,

196%) may be due tc = cericentric invereion.

lo3:.7. Intarcenrongonr ol Reopowy nesrt

Neciyrcesl traunslocsiicn involves the exchange of a2 chrorosowe sosrent

IR A%

21 two non-hoemelo~ous chiomosoenes, "he affectod individual 19 a

G

tranclocation heterenyoote bul vith o holaneed chromoscre cornlenchnl.

e Lo
It the czehanged freg;&nts arce of aperoximetel, sven olzne, such
rearrarzenent would pooe undedectod in reuline chrormesceme exsminaticn.
Lven uncounl reciuvreesl troneloontions oftae recuire nelotic atuedicn to
At medosis

gomfirn theix ovwiat ragipreest Lrennlocdions con
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v

be ddentificd by 4hediv pulltivelent sszocistions .  Melserrogation o.

ihece rulbivalents ¢ rooult in chronosorally velbeloncsd offonr
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In man, it has been estimated that the risk of malsegregation, and the
production of unbalanced karyotypes ir the offspring is of the order of
10~20% of the progeny of carrier mothors. The risk involved when the
father is the carrier is probably only 5-10%. (Lejeune, Dutrillaux

and de Grouchy, 1970) The incidence of reciprocal trancslocations in
the general population has been estimated at 0.3% (Court Brown, 1967)

and appears to be the commonest structural rearransement.

There have been only two reports of reciprocal transleocation in domestic
animals and both of these have been in the pig. (Hanricson and Backstrem
19643 Ransen-Melander and Melander, 1970) Henricson and Backsirom
described 2 boar whicn was phenotypicelly normal but with a reduced
fertility. The number of piglete in litters from sows sired by this
boar were approximately half that in litters sired by other boars.
(Average litter size of 5.1 as compared to 1207) The subfertile boar
was found to have a structural rearrangement involving one of the
chromosomes of pair number 3 or 4 and one of pair number 14, Althcugh
there was no evicdence thet the sma’l chromosome hzd received some
material from chromosome number 14, the authors suggested that s non-

reciprocal translocztion was unlikely.

Hansen-Melander =nd Melander (1970) reported a translocation mosaicism
in a stillborn, malformed pig. There .was lateral asymmetry, skeletal
abnormalities, heart and liver abnormalities and although tihere were
male rcproductive crgens, a penls was missing., Fibroblast cultures
from various tigsues chowed the animal to be a BBXY/38 t (1q¢;15?qn)XY
mosaic. The translocation bearing cells averaze 667% of all those

counted from variocus tissues.

Although Henricson and Backctrom (1964) considered that it was
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chromosome number 14 that was involved in the case they described,
definite identification of individual chromosomes in the pig is not

easy and it is tempting to speculate as to the possibility that the same
chromosome was involved in their case and that described by Hansen-
Melander and Melander (1970). The latter authors suggestcd that

chromosomes 12-13% might have a weak zone with a tendarcy to break.

Hansen, (1969) has described a tandem fusion in Red Danish milk cattle.
He suggested that the translocation was a fusion of an acrocentric
chiromosome on to the broken ends of another acrocentric chromosowe with
the loss of a centromere. However, such a configuration cculd also be
produced if there was an unequal reciprocal translocation, before the
division of the chromatid, between a large and smzll acrocéntric
chromoacme. It is likely that the small fragment product of the

translocation would be lost at the succeeding mitotic division.

The translocation appeared in both males and females of the breed.
Although the malss were phenotypically normal their fertility was
reduced by approximately 10% whilst that of the females appeared

unaffected.

The finazl class of structural aberrations involves.the centromere.

In the vpig, the di?ference in chromosome number in the wild pig 2n=36,
(MoPee, Banner énd Rary, 1966; Rary, Henry, Matschke and Murphrae,
1968) and domestic pig 2n=38; (Mcéonnell, Fechheimer and Gilmore,
1963; Harvey, 1969) is probably due to centric fission. A case of
presumed centric fission was Teported in an Indian Langur (Presbytis
entellus) (Fgozcue, 1971)  Centric fission has been reported in a
pseudodiploié Chinese hamster cell line, invelving the X chromosone.

(Kato, Sagai and Yosida, 1973) = In this cell line, when dcletion of
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one of the fission elements occurred, all the cells were found to
possess the short arm only. The long arm of the X was heterochromatic
and its loss was presumably not incompatible with life. In no case
were cells detected without the short arm component. The telocentric
chromosomes were extremely stable and remained in culture for three
months showing no tendency to form isochromes or metaqentric chromosomes

through centric fusion.

Centric fusion, or Robertsonian translocation, is much more common than
centric fission, Since the present work is concerned with one such
centric fusion, the Massey I translocation, this type of chremosomal

rearrangement is congsidered in detail.

1.%:8. Cenbric fusion (Robertsonisn) translocation
2 i

Structure
Centric fusion translocations were first recogniscd as such by
Robertson {1916)  In the course of his studies on the chromosomes of

grasshopvers he noted thul chromosome nurber and morpholosy throuvghous

the subfemily Acridiloe were remarkedly uwniform with the exception of
the members of the genus, Chorthiyppus. Grezsshoppers belonging to this

' them were "W of

o)

rem g posasessed less charomocomes and some
&

shaped. This wag at variance with the rgd shaped chrormosomes of the

rest of tne subfemily. Robertson susgested that the "V and "I

[

shaped chromozsores were formed by the fuslion of twe rod chromosomes,
eoeh arm of the U and "J" chrouossome corresvonding to a single rod.
Cn the hasis of pene Linksece sbtudies he suigeested that the fusion was

between the centromeres of non-homologous chromosomes.

The exoct nature of the furidon meshanies dg stil)l not entirely undoo-

steocd amd the preblem s mxacerbatod by the denrth of dnforrotion on
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the structure of the centromerc. The centromere, or kinetochore, has
been defined as thet region of the chromosome with which the spindle
fibres become associated during wmitosis and meiosis. (Rieger,
Michaelis and Green, 1968) Early workers using the light microscore
described the centromere as a quadripartite structure (Tije and Levan,
1950; Lima-de-Faria, 1956) consisting of four chromomeres, of compact
fibres arrsnged to form a snuare or parallelogram. One chromomere
vas located in each arm of the chromatid of s metacentric chromosome

and they were joined to each other by less densc fibres.

It had originally been suggested that the cenltromere could not be truly
terminal. (Navashin, 1916) It was thought that the oentroma?ic
structure reguired two chromosome arms and that apeerent telocentric
chromosoﬁes had minute short arms, invisible with the light microscope,
(White, 1957) This concept was not accepted by all workers.
(Lima~de-Faria, 19563 Marks, 1957) Marks (1957) suggested that
telocentric chromosomes could be formed from the centric fission of a
metacentric chromosome. He ascribed their avparent rarity to the fact
that telocentric chromosomes would arise in cells with a high
possibility of genetic imbalance, due To malsegregation 1O0Lllowilng the
fission, so that their chance of survival was low. Later workers,
using the electron microscope have been able to confirm that true,
telocentric chromosomeé ao exist and are stable. (John and Hewitt,
19663 Southern, 1969; Comings and Okadz, 1970; Kato, Sagai and

Yosida, 1973)

Application of electron micrograph exemination of the structure of the
centromere has shown it to be o much more complex region than
originally suspected. Brinkley and Stubblefield (1966) demonstrated

that in dividing Chinese hamster fibroblast cells the centromere was a
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distinet entity by the prophase stage, before the dissolution of the
nuclear membrane even although spindle fibre association did not cccur

until after the disappearance of the membrane.

The fully developed, metaphase centromere has been described as
consisting of two daughter centromeres (Brinkley and Stubblefield,
19663 Jokelainen, 1967; Brinkely and Stubbleficld, 1970) separated by
a region devoid of interconnecting fibres. (Brinkley and Stubbla-
field, 1966; Jokelainen, 1967). Sister cenitromeres were located on
opprosite sides of the centromeric region and orilentated towards' ne
spindle pole. They were connectzd to this pole by from four to seven
spindle filaments. (Jokelainen, 1967) Brinkley end Stubblefield
(1966) described each centromere as having a dense central core,
200m3003 wide, enclosed on each side by a less dense zone, 200-6 c?
thick composed of fine fibrils. Bech sister centromere ocoupied a
relatively small ares on the surfacce of the chromatid. Jokelainen
(1967) envisased each sister centromere as being disc-like with a

diameter of bebtween 2C00 and ZASOK and ccmposed of three layers.

The centromere is located in an obvious constriction, the primary

D

constriction of the chromosomes. In this centrowmeric region scre of th
chromatid fibres crossed over to the sister chromatid. (Abuelo end
Moore, 1969; Cdmings and Ckada, 1970) Some fibres croesed over znd
continued to run in the same direction vhilst others crossed over,
reflected back and ran in the opposite direction, This crossing over

left a centrel spnce between the chromatids which was devoid of fibres,

2]

Comings and Okads (197C) described this area as a halo-like, clexr zrea
between chromatid associations.  They considered the centromere of

telocentric metaphase chromosomes to be bipartite (one part for each

chremetid) and the centromere of metacentrics to be gquadripartite,
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The variouz interpretations of the mechanism of the centrie fusicn
translocation have to be viewed in the light of these complexitizs of
centromeric structure. White (1957) proposed that a centric fﬁsion
translocation was » reciprocal exchange between two acrocentric
chromosomes., He suggested that the long arm of one acrocentric
chremosome joined to the second acrocentric chromosome by ite shert

arm. The centromere anﬂ‘short arm of the first chromosome plus a
fragment of short arm from the second chromosome then fused to form a
minute metacenlric chromosome which was lost at the next cell divicion.
This theory required that soms loss of DNA occurred in metacentric
formaticn, Cormings and Avelino (1972) investig=ted centric fuéicn in
the mouse using the electron microscope nnd found that both centremeres
vere retained after fusion. They susgested that there was a recizroczl
translcenticen batween the chromatin fibres that mede un the centrimeres.
To investigete whether any DNA w=es lost during centric fusion the szne
avthors compared ceniromeric hetoerochromatin in the laboratory mcuse

(1, _rusculus) vhose karyotype consists entirely of acrocentric

N

chromosones and that of the tobacco mouse (M. nuschisn

L
}ae

ous), which

2

<
=

homozygous for seven ceniriz fusion translocations. They found rc
significent difference bhetween thesc two species which suggested tha
less than 0.2% of the genome could have been lost (limits of experi-onizl
error) following fourteen centric fusion translocations. However, the
retention of ceniromeric heterochromatin does not nccessarily indicate
the retention of both centroncres. Crouse (1960) showed that ceniro-
meric hetarochromatin was a separste entity frcm lhe centromere zrd

could be translocated to various parts of the chromosome without

upsetting centromeric function.

Comings snd Okada (1970) exanined mouse metacentric chromosomes wrnich

had arisen in culture due o centric fusion of two telocentric
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chromosounes. They found th=t at the centromere of metacentric
chromosomes there were two regions of chromatin fibre ascocation with

&n area between relatively devoid of fibres. In contrast, the
telocentric chromosomes had only one area of chromatin fibre association
st the centromere and this was half the size of that in the metacentiric
chromosome.,  Bimilar quadripartite centromeres were seen in human,
Chinese hamster and sheep metacentric chromosomes, (Comings and Ckada,
1970) In the humran, not a2ll metacentrics showed two seporate areas

of association but the authors considered it likely that the difference

was a technical artifact.

Centromeric heterochromatin was studied in mouse c¢ell lines in which
metacentric chromosomes were believed to have arisen by centric fusion
translocation whilst in culture. (Chen and Ruddle, 1971)  They found
that practically all the centremeric heterochromatin of the acrocentric
chromosomes was incorporated into the new metacentrics =md found blocks
of heterochromatin, one in eacl chromatid, could be observed. However,
SURSTANTI ALY
somc nice metacentric chromosomes were observed with swhedbantisdy lesgs
than twice the ceniromeric heterochromatin found in acrocentric
chromosomes, It is possible that in these instences some loss of
DNA had occurred. The loss of even small proportions of DIA would bhe
important if the DNA contained sssential genes and it has been suzgesteld
that positioning of non-essential repetitive satellite INA at the
centromeric regioﬁg vlays a role in protecting the organism from
deleterious effects of sucn DNA loss, (Ma tocia and Comings, 1971)
Evans et 2l., (1975) described = goat, heterozygous for a centric
fusion translocation, with the chromosome complement of 2n= 59xy,T+.

Centromeric banding revealed s large mass of heterochromatin at the

centromere of the metacentric chromosome. This made an interesting
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comparison with the metracentic chromosomes of the sheep which had
very little centromeric heterochromatin. By the examination of
aminoacid sequences of fibrinopeptides from mewbers of the Order

Artiodactyla, Doolittle and Rlomback (1964) estimated that the

evolutionary divergence of the goat and sheep cccurred approximately
5,000,000 years ago. Presumably, excess centromeric heterochromatin
has been elininated from the metacentric Lbromosonvn of sheep during

thelr evolutionary divergence from goats.

In man, centric fusion tranlocations are mainly, if not exclusively,

spontaneous rearrangements. (Hecht cnd Kimberling, 1971) It has been
 HortorLogous

suggested that non-hemlegeus chrorosomes which forn: centric fusion

translocations in man could have homologous segments in areas of

secondary constrictions. (Ferguson-Smith, 1967)  Pachytenc

association in man has heen noted oud it was suggested that it may

represent pairing of homologous aress on non-homolegous chremogomes,

Reciproenl) exchange at these points may lead to the formaticn of

dicentric "sentric fusion" translecations. {Ferguson-Smith, 1967)
Revley and Pergament (1969) sugegested that theare was a norn-rondom
selection of D-group chrowosomes involved in centrvic fusion translocat
ions in man. Howevef, Cuevag-Sora {1970) conaldered th-t thsre was 2

rendom association of acrocentric chromosomes. The evidence relatine

te this hyrothecis has recently been reviaowel by Ferguoon-Duith (1971\c

incidence
Centric fucsion translocationz have been ddensificd in a »unber of
o

sncelcs, but apart from man incidencs figures arve not avollsbhle excupt
¥ 4 . b

i’

in relstively srell nurbere.
o

Nha razultent pencbype of nacaible theoreticad soppoections of »
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centric fusion translocation and its acrocentric homologues are shown
in Fig.23%a. It has been postulated that the production of such
monesomic and trisomic zygotes leads to a reduced fertility in
heterozygous carriers. This reduced fertility was thought to be due
to a reduced viability of unbalanced zygotes leading to early cmbryonic

death,

Three types of centric fusion translocations ere known in the human
population, t(DqGq), $(DgDq), arnd t(GqGq), (Hamerton, 1971) with an
incidence of 1 per thousand adults for the $(DgDq) translocation

(Court Brown, 1967) and 0.05 per thousand adults for the t(DaGq) and
t(CGqCq) translocations. (Bolani, Hemerton, Giannelli and Carter, 1965)
In each instance, the balanced heterozygotes were phenotypically normal.
The dizgnosis of the defect in an affected family was usually due to
the production and subsequent diagnosis of an offspring with an
unbalanced chromosome complement. This was particularly true for
families carrying a (DqGq) translocation vhen the offspring vas
trisomic for chromosome number 21 and hence had clinical signs of
Down's syndrome. Estimates of the degree of non~disjunction and
malsegregatior were complicated by the fact that data were biased
towards identifying unbalanced offspring. Hovever, Hamerton (1971)
examined past case records, corrected the information for this hias

and found that t(DqGq) heterozygous parents produced an exéess of
heterozygous offspring which was entirely accounted for by an excess
of heterozygous offspring from heterozygous fathers. In addition,
when the father was heterozycous the freauency of unbalanced offspring
was only 2.4% corivared with 1C.87% of unblanced offspring from

heterozygous mothers.
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Information on t(NqDq) heterozygous families ngain showed an excess of
heterozygous coffspring resulting from heterozygous fathers but ther
was almost a complete ahsence of progeny with an unbrlanced karyctyne.
The frequency (0.6%) was too low to determine any difference in
segregation between the parents, Information on t(GqGg) families

was sparse but there did seem to be only a low level of adjacent

segrezation.

4 lou incldence of unbalanced offspring in the population may indicate
a lecw incidence of adjacent segregation, or alternatively, a low'
viability of unbalanced heterozyvgotes. There was no increased
incidence of spontaneous abortion in t(DgDq) families as compared to
normal families {Hemerton, 1971; Chandley, Christie, Fletcher,
Frackiewicz and Jacobs, 1972)o Whilst the frequency of spontanecus
abortions in t(Dqu) families was the same as the general populaticn,
t(Dqu) mothers married to normal men did have a slightly higher
frequency of abortions than normal women married to £(DqCq) fathers.
(Hamerton, 1971)  Hamerton considered this to be dae to the fact “hat
heterczygous mothers tend to produce more unbalanced gamstes. ot
seems likely therefore, that the low incidence of unhalanced offsiring

reflects a low level of adjacent segregation.

These data show.ﬁhat different trenslocations involving different
chromesomes have different freguencies of adjacent segregation. It
would seem therefore, that the incidence of adjacent sczregation iz a
function of the chromoscmes involved rathor than of the presence of a
ceniric fusion trsnslocation per_se. The difference may reflect
ciffevent centromeric structure in the different translocaticons.

The possible brea' positions in the centromere of metacentric

chromesomes have been discussed by Gimez-llortin, Lorez-Saez end Marces-
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Moreno, (1965) If it is assumcd that a centric fusion translocation
can only take place following some sort of break in “he centromeric
region then there asre ten possible recombinztion centromeric
structures of “he translocation chromoscmes, Three of these
configurations wvonld have doubl~ the centromeric sres, four would have
one and a half times and three would have the ecuivealent of one normsl
centromnera, It would seem likely that differenl confisurations would
behove differently at meionis and this may account Tor the variability

of behavicur of centriec fusion translocations in both wild and

D.:

cmestic snimels, as well =28 man.

Tobaceco llousge

The tobscco mouse (Mg reschninvirus) was firet deccribed =s » separate

specics by PFatio [1869) and has since been shoun tc hove o karyolyre

12 acrocentric chrorozores

2

consicting of 1/ metacentric chromosomes an
in contrast to the 40 acrocentric chromosomes of the louboretery wouss

(Fug musenlus).  {Gropr, Tettenborn =nd Lehmann, 107C)  Meiotic atudi

V)

(Tettenborn and Gropo, 197C) »nd differenti=l vtaining exsaminotion

(Jech et ale, 1972) desongtrated thet the tcohacco mouse was homozyznror

o

for scven centric fuelion trenslocations. Snbseaunent work reveale
thet the Fl tchecee mousex laboratory wouse hybrids had o marked
reduction in fertility. Analysie of meiotic metenhne IT in the male

reverled n hish lavel of meiotic non-dicjunctiicn in the Fl hybricde,

(Gropyv, et al., 1870; Tettenbora znd Gropp, 107¢)

e

DA me.zsurerents chowed a2 grester voristion in I¥A content n
vorphologically normal srerwatozon of Fl hybrids than in the
laboratory mouce. (Doring, Cropn and Tettenborn, 1972; Stolls =nd
Groun, 19?4) Thia range of DWA content was thoucht to bo due to the

presence of zneupleid spermotonca. In the female, F.L hybrids showed
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a marked roduction in litter siwe due o logsses of both moncsomic =247

trisomic foetuses. (Gropp, 1971)

a wch and Mosele # | ond mvans =Ye) > &}
Cattanzch and Mossley (1273 nd Yord erd mvins (19 isclated coch
of ths cevean tohzcceo mouse rmetscontrics g homozysovs lines upon

prodominantly Mus musculus genoetic backgvcunds, EZxsmination of cells

from homozygous <nd heterowyrous nnimals at meiotic metaphase IT
clearly Aecmonstrated that heterozygosity for the metacentric chromcscme
vas a major fsctor leading to non-disjunction. In addition, the
frequency of non-disjunction sssociated with each different chremosome
wes different, olthough the tuoc groups of workers varicd £lightly in
their estinmates of frecuency for each chromosore. Murtherrore, the
degree of zygetic loss associzted with esch translocation wias ¢f the
gsame order as the degree of aneuploid spermatezoa nroduced in the male.
Heterczygotes for each of the seven metacenirics gave & higher

frequency of zyzotic loss than either the normpal or homozygous snimals

The level of non-dizjunction in Fl hybrids of the tobsocco mouge and
laboratory mouse was much higher than non-disjunction in other mice
centric fusion translocations vwhich are discusgeed below. Cattarach
and liceely (1973) suggested thuet the raised level of non-disgjuncticn
in their stock was rrobazdbly not a conseguence of the centric fusion
per se but more likely résulucd from some other chromosingl or genetic
variztion. They sugeested thot minor differences beitween the tcbaceo
mouse 2nd house mouse could hive arisen during speciation and that the
zygotic loss in the F ¥ hybrids could be the result of interspecific
crosging. If thie hypothesis is correct it wonld Lo misieading te

apply the findinge in the tcbhascco mouse to centric fasicen trnslocations

in other species.
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Laboratory Mouse

Three centric fuesion translocaticns have been reported in separate

gtrains of Vs domeeticusn, (Evans, Lyon and Daglish, 1967; Leonard

and Deknudt, 1067; White and Tjio, 1967) Both male and female
heterozygotes for the T163E tranclocation (Evans et al., 1967) were
fertile but heterozygous males produced smaller 1litters when mated

to normal femnles than did the normal control males. Th~
heterozysotes had approximately 69 fecundity when ceompared to normal
males. Meiotic studies on two of the male heterozsygotes showed that
9895 of thé gametes formed had a balenced keryotype. It would secm
therefore, that the zygoiic loszs was not due entirely to the production

of unbalanced gametes.

Some mice belonging to the AKR strain were found fc be homozygouve for
a centric fusion translocation (Leonard and Deknudt, 1967). No
meiotic studies were reported but fertility was claimed to be low as

Judged by litter size.

The third translocstion was discovered accldently in an inkred line of
albino mice. (White =nd Tjio, 1967) Roth homozygous and heterozygous
animals were ldentified. Melotic studies on heterozygous males
revealed that 9156 of cells at seccnd metaphase were balanced with
either 20 acroéentrics or 18 acrocentrics and one submetacentric,

The average size of litters from matings between heterozygotes wes
lower than that of mcst other matings. However, since both males nnd
females had undergone surgery prior to the test matings the reducticn
of fecundity may well have been due to foctors unrelated to the

presence of the translecation.

The reports ¢f centric fusion translocations in mice, therefora,
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present a similer picture, irrespecctive of whether heterozygous rreosses
are intraspecific or interspacific. All of the male heterozyootes
showed some dcgree of non-disjunction at meiotic second metaphose, but
none at such high frecuencieg as the T4 of the tobacco mouse, Thig

has important implications for those cases of centric fusion descrited
in domestic animals. If the reduction in fertility is due to ths
effects of the individual chromozomes it may well be that translcestione
involving different chromosomes could have neutral or advantageous
effects, It is necessary, therefcre, to examine each translocesticn in

ezch species separately in order to assess the effects adequate?;

Dog
In the dog, centric fusion translocations have been identified in
animals with lymphosarcoma, (Basrur and Gilman, 1966; Froget, Fon‘zine,
Nain and Michaillard, 1972) congenital cardiac defects (Shive, ¥ere =nd
Patterscn, 1.965; Patterson, Hare, Shive and Luginbuﬁl 1966) bone
chondroplesia (Hare, Vilkinson, McFeely and RL.er, 1967), and ectopic
by PO SARCOMA
ureters (Hsre and Bovee, 1974). The two dogs with lyphessmeems, the
single czse with congenital heart defects and the young pocdle with
bone chondroplasia were all presumed to be balanced heterozygotes.
The diploid number in each case wes 2n= 77. Shive et al.,(1965)
reported 1% other cases wlth cardiac defects without chromosomal
abnormalities and Basrur and Gilman (1966) reported fouw cases of
lymphosarcoma in dogs without centriec fusion translocations. n
addition, Ma and Gilmwore (1971) reported a 7 menth old female settzr-
retriever cross which was phenotypically ncrmal althoush heterovyzous

for a centric fusion translocation. There is no evidence there

TATYD
“a -y

that in the dog, centric fusion translocations are reloted to ary
specific clinical syndrome. No data zre avallable reparding the

effects on fertility. Unfortvnetely, the case regorted by Ma end

.
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Gilmore (1971) had been overiectomised before the karyotype had been

established.

TLimited work has been carried out to investigate the fertility of
goats heterozygous for centric fusion translocations. (Padeh, Wysoki
and Soller, 1971: Popescu, 1972&) Padeh and his co-workers found
that when heterozygous males were crossed with nermal females, the
proportion of multinle birthe was reduced, There was a gimilar
tendency when heterozygeous males were orossed with heterozygous and
homozygous females although the differcnce {rom nermal mele x female
vas too small to bé astatistically sigunificant. The test matings
produced a total of 30 offﬁpriﬁgo All had balanced karyotypes and
there was no significond deviation from the normal sex ratio. 411
the offgpring from matings of hetercoszygous males with normal females
were males, and the ratio, normal to heterozyeote was 3 to 9.
Popescu, (1972a) found that 14 of 19 male offspring (heterozygous mele
X normal fem@le) wera heterozysotes. The remaining five males had g
normal karyobype. Gnly 6 of the 11 female offapring of o similor
cross vwore heterozygsotes, There g =some suggesticn thercefore, both
from the report of “"ﬂfh et ﬂl«,(IQ{i and Fopescu, (1972) that thore
is an exesaz of mule heterczygotes from a wale helerogypous eire.

Hovever, with such a small brecding progravve conclusionsg must be

guaried. Padeh ¢t al.,(1971) gave no indication of which chromcoines
were involved in the ftranslocetion but Popescu, (1972&) cn bhe boeis

of idiogram nmeasurescnts, estimated thet the two avtosapren invelved
in the translocation were pumbers 2 gnd 145, 1t is interosting o

notoe that 1hcoe are not the chromepomes eu: e

ot

ted by Dvars ob al.,
(1973) to be involved in the forvation of wn. of the votuscnbric

chromescries in the aheep. The ease of centyic faion Lrongloooticn
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in the goat reported by Lvans E&@@lo,(l975) involved chromosomes

number 5 and 15,

Qx

In cattle, considerable.work hes been carried out on one centric
fusion translocation, generally known ss the 1/ 29 translocation.
(Gustaveson, 1969) Two other centric fusion translocations have
been reported; a 2/4 translocation in the Friesian breed (Pollock,
1972) and an 11-12/15-16 translocation in the Simmental breed. (Bruere
and Chapman, 1973%) More recent G-band studies on thie translocation
suggest that it is an 11/21 translocation (Logue, 1974, personal
comammnication). A 3/98 transloc:ution has been described in an
achondroplastic calf of the Rowagnola breed. (Rugiati and Fedrigo,

1968)

The 1/29 translocation was first reported by Gustavsson and Rockborn
(1964) in three leucaemic cattle of the Swedish Red and Vhite breed.
A similar translocatlon hag now been reported in cattle {from a number of
breeds (Teable ITI) but its effects have only heen studied in detail in

the Swedish Hed and Vhite breed. (Guqta sson, 19695 1970C; 1971; 1971a;

and 1971h)

In a survey of Swedish ¥riesian cattle, Swedish polled cuttle and

Swedish Red and White cattle, snimals with the 1/29 tranglocation were

found froa the Swed ’"hhﬁod ard WVhite breed. (Gun Lavernn, 1969) In
thiz broed 266 (LA%) of the ~rlzals studied were heterorygotes and 8
(0.4} were homozyrotos, In 2 later survey of the distribution of
Tho /99 osskhion in the bull roralaticn wsed for aviificiol
insenirat lon {A.T.) 12.29) (11h. were found Lo be hetesosyootes nnd
Coad>h (4) vere homonyriobtes. (-"*lzvcfou, 10715 Thore ¥AS Nno



difference in incidence among A.I. associations. It waas suggested
that non-disjunction hetween the translocation chromosome and the
homologous acrocentric chromosomes at melosis of heterozygous
individuals could resull in the production of unbalanced gameteso
These gametes, if viable, would give rise to unbalanced zygotes
(Fig.23%a). Reduced viability of these unbalsnced zygotes would then
lead to a reduced fertility or fecundity in translocstion heterozygotes.
The chromosomes of repeat breeder heifers were examined. (Gustavsson,
1971a) One hundred and eishty two aniwals, (69.2%)showed ‘he normal
(2n=60) chromosome complement whilst 81 (30.87%) carried the trans-
location chromosome. The incidence of the 1/29 translocation in the
general female population was approximately 14% (Gustavsson, 196C) so
that there was a statistically significant differcnce between the
general population and the group of repeat breeder heifers. The
pedigrees of these heifers were not reporied, but they were offspring
of bulle from four different A.I. centres so thet it is unlikely that

the results were unduly weighted by the offspring of one hull.

These results would seem to confirm Gustavsson's original findings that
daughter groups of heterozygous sires had both significantly lower
conception rates to first service and non-return rates at 56 days, as
compared with daughter groups of genotypically normal sires.
(Gustavsson, 1969)_ Neither heifers, nor cows born of sires
heterozygous for the translocatiion had higher numbers of stillbirihs
tha.l ncormal (Gustavss6n, 1969) so that if unbslanced zygotes were
being formed by heterczygous animals these zygotes were being lost
before full term. This, together with the information regarding
repeat breeders suggests that the loss ocours sround the time of

implantation,
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Gustavsson (1969) made a very liwited study of male meiosis and found
no evidence of non-~disjunction at meiotic second metaphase. Further
investigation suggested that sowme spermatocytes with unbalanced
karyotypes were being produced, (Custavsson, 1970) and work in Clasgow
indicated a non-disjunction rate of 8.2, (Logue, 1974, personal
communication) Female meiosis has not been investigated. It may be
that non-disjunction occurs more frequently in the female than the male,
This would account for the higher culling rate in daughters from sires
heterozygous for the translocation than those from sires with a normasl

karyotype. (Gustavsson, 1971b)

Sheep

In contrast to cattle, centric fusion translocations have only been
identified in three closely related breecds of sheep, all in New
Zealand. These were the New Zealand Romney, (Bruere, 1969; Bruere and
Mills, 1971) the Drysdale (Bruere, Chapman and Wyllie, 1972) and the
Perendale (Bruere, 1974; personal oommunication)s In addition,
Wadler, Ley and Hassenger (1971) have described a polymorphic system in
wild sheep of Northern Iran involving the normal metacentric

chromosomnes of sheep.

Bruere (1969) first reported a centric fusion translocation, the
Massey I translocation, in a New Zealand Roumney rawm with small,
abnormally shaped %estes. Subsequent investigation of a random sample
of a 100 ewes and 52 rams from the same flock reveuled a further 7
(4.655) heterozygotes. (Bruere and Mills, 1971) In addition, one ewe
wvas found with a centric fusion translocation involving different
acrocentiric chromosomes, This was naned the Massey II translocation.
A further survey of 309 New Zealand Romney cwes revealed three more

animnals heterozygous for the Massey II (Bruere, 1973) and in one flock
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of‘progeny test sheep at the Massey University the incidence was 9%.
(Bruere, 1974, personal communication) A third translocsation, the
Massey III translocation was found in flocks of Drysdale sheep, with
an incidence of 23.7% heterozygotes and 1.9% homozygotes. (Bruere,

et al., 1972)

Karyotype analysis suggested that the Massey I translocation was
formed from one of the largest acrocentric chromosomes, poszibly
number 4 or 5, and one of the smallest acrocentric chromosomes.
(Bruere, 1969; Bruere et 3l., 1972) G~-banding analysis showed it to
be a 5/26 translocstion in their nomenclature. (Bruere, 1974 personal
communication) Tﬁe Massey III translocation appeared to be formed
from chromosome number 7 or 8 énd one of the smallest acrocentrics,
possibly the same one as that involved in thz Massey L translocation.
(Bfuere et al.,1972) More recent G-band analysis has, in fact, shown
that the Massey III is a 7/25 translocation. (Bruere, 1974,persoﬁal
communication)  Both the Massey I and III translocations were
submetacentric chromosomes. In contrast, the Mossey II translocaticn
was a mebacentric chromosome (Bruere, 1973), and CG-banding analysis
showed it to be an 8/11 translocation. (Bruere, 1974, personal

communication)

The few cases of Massey II translocations identified were not associzted
with phenotypic abnormalities. However, in the Massey 1 and possibly
the Massey IIT translocation, there was an apparent associztion with
testiculsr abnormalities. The Massey 1 translocation was first
identified in a ram with cma:l, abnormally shaped testes (Bruere,

1969)n The abnormal shape was due to a consctricting band of the

tunics vaginalis, producing an "hour-glass" shape to the testis.  The

animal was azoospermic snd histolnzical examination chowed complete
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cecssation of spermatogenesin in nearly all the tubules at or before
the primary spermatocyte stage. In a further group of seven
heterozygotes, two rams had palpably normal testes, two had "hour-
glass" testes, two were unilateral cryptorchids and one was destroyed
prior to examination because of its failure to breed. (Bruere and
Mills, 1971) Cne animal with a normal-karyotype was also reported to

have abnormal "hour-glass"testes. (Bruere and Mills, 1971)

Despite the high incidence of chromosome 1olymorphism in the Drysdale
breed there has been only onc repert of an animal with testicular
abnormalities, (Bruere et al., 1972) Both testes of this animal
were small and atrophic ~nd the epididymis was absent from the right
gonad. In addition, a heterozygous ewe was identified with
segmental aplasia of the reproductive tract. The hornes and body of

the uterus were absent.

Nadler et al.,(1971) described a polymorphic system in wild sheep in
Northern Iran. A total of 34 animals were examined from seven wild
parl: reserves located along the northern borders of Iran. Whilst the
15 shecp from the three western localities had a modal number of 2n=54
and a karyotype consisting of three pairs of metacentric chromosomes
and 23 acrocentric chromosomes, the 7 sheep from the two eastern
reserves had a modal numﬁer of 58 sand the karyotype contained only one
pair of metacentric chromosomes. = Of the remaining 12 animals from
the two central areas; two had a modal number of 2n=57 with three
metacentric chromosomes, one had 2n=56 with two pairs of metacentric
chromosomes, six had 2n=55 with five mctacentric chromosomes and cnc
had 2n=54 and three pairs of metacentric chromosomesg, The authors
suggested that eilther the system represented s sequence of

differentiation of texa with hybridization of structurally homologous
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populations, or more likely, there was crossing between two taxa of
2n=54 and 2n=58 with the formation of hybrid animals of 2n=55,56 and

57
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SECTTON IX
CYTOGENETIC EXAMINATION OF

PRE-IMPLANTATION BLASTOCYSTS OF SHEEP.



IT CYTOGHNETICAL INVESTIGATION OF PRE-IMPLANTATION BLASTOCYSTS
QF SHEEP.

e ey o VS

2.1 Introduction

2.1l Chromosome Anomalies and Prenatal Loss

Studies on human abortions have indicated that a very high percentage
have one or more chromosomsl abnormalities. Mogt of these aborticns
occurred in chromosomally normal parents and were, therefore, caused
by abnormal events during gametogenesis or at the time of fertilisation.
(Boue and Boue, 1973a) Carr (1965) found 22% of 200 specimens from
spontaneous abortions had such defects., Kerr (1966) cited incidences
varying between 2-65%. “his wide variation was probably due to the
differences of maturity of aborted material and the difficulty in
ascertaining whether the abortions were genuinely spontanecus or
induoed; Workers in Denmark, using quinacrine banding {o identify
individnal chromosomes, found that in cases of spontaneous abortion
securring during the first sixteen weeks of pregnancy, 50% had
chromosone abnormelities., (Lauritsen, Jonassen, Therkelssn, Lass,
Lindsten, and Petersen, 1972) Hore recent studies in France suggested
thab the frequency was as high as 65%. (Bouc and Boud, 107%a)

Information on vomen who have had wore thon cone abortion is limited,

One report showed that the incidence of second nhortions (2%)) was

q
I§

higher in wonen afier an rboriion with a normal karyotype than after
. . . . -t -

sn cbortion with chromoscmal anomaliss, (16.57) FParthermore, when

both abortuses hnd chromosowe ancemalies, there wvas no correlation

- ” . -
belween the two karyobtynes, (Boun. 3ove, Lazsr and Guegueon, l9/5)

Prenatal Toss

WP 4o P T e PV AR 0

Compnrahle inforwaticn de lacking in domestio snieoals although




estimates of prenatal losses have been made, In the pnig, most sysotic
loss wns found to occur before the 25th dey of gestation and was
between 30-40% of the total fertilised ova. (Hanly, 1961)

Very little information is available on prenatal death in the mare.
Day, (1957) repcrted that 119 of 400 mares diagnosed as pregnsnt ai 40
days failed to complete gestation. However, this is probably a low
estimate of total wygotic loss since it does not take into account

the preimplantation losses. Platt (1973%) reported an overall abc»tion
rate of 12.8% in the thoroughbred mare. One well recognised cauvse of
enbryonic loss is twin ovulation. The yearly incidence of twin
ovulations was variously reported as 14.5% (Arthur, 1958) and 18.5%
(Osborne, 1966). Arthur and Allen (1972) reported a much lower 1:zvel
of twin ovulations in a group of Welsh mountain ponies, The ircidence
of twin births in the mere has been reported to be only between C.57
and 1.%% (Roberts, 1971) which represents a considerasble zygotic less.
Heresn and Bouters, (1965) reported that 95% of mares with twin

ovulations lost cone or both ova during early embryonic developmerte.

In cattle, embryonic loss between the 9th and 26th day of gestation
Bacsicn

was found to be as high as 30%. (Boyd, Baseieh, Young and Melrschen,

1969) These workers fround that rnost of the loss occurred prior 4o the

12th day. Haﬁk, Wiltbank, Xidder and Casida (1955) found that in

repeat-breeder cows most of the embryonic loss occurred hetween 16-3.1

days after service, One interesting investigation found a statistieal

significant difference betweer premassl death in inbred cows (28,47 +nd

outbred dams (19.2%), (Mares, Menge, Tyler and Casida; 1958)

The estirstes of prenatal mortality in the shecp have been reviewed

by Edey (1969). He concluded that between 20 - 30% of fertiliced cva
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were lost during gestation with most of the loss occurring in the

first month, Quinlivan, Martin, Taylor and Cairney (1966) also
reported £hat the maximum loss occurred within the first 30 days of
gestation. A proportion of this loss occurred prior to day 17 without
an increasevin the inter-oestral period. It has been shown that
embryonic materizl within the utcrine horn heyond day 12 delays corpus
luteum regression and hence prolongs the oestrous cycle (Thwaites,

1972), so that the loss reported by Quinlivan et al., must have

occurred prior to day 12, Sittmann (1972) found that in tge sheep
embryonic loss was 1.5 times highér in twin ovuvlations than in single,

and that loss of both embryos was more likely when twin ovulations were

from a single ovary. Similar results were reported by Doney, Gunn and
A P ’

Smith (1973).

ﬁntil recently, cytogenic evidence linking chromosome anomalies with
prenatal loss.in domestic or laboratory animals was lacking.  Bishop
(1964) was the first to emphasise the importance of genetic load in
prenatal mortality in domestic animals., He suggested that a large
propertion of embryonic death cculd be ascribed to genetic csuses and
that this death was a natural mechinism for the qliminutién of certain
genetic loads at low biclegical c.ost° David, Bishop and Cembrawicsa,
(19703 1971)_suggesﬁed that in cattle, a high' proportion of embryonic
death was part of the natural mechanism for the removal of genetic‘
abnormalities from the vopulation. In cattle, thore was a difference
in the conception to first service rates of heifer dwughters cf bulls
heterozygous for thé 1/29 translocation and heifer doughters of normal
bulls. Gustavsson, (l969) sugeeated that the reduced fertility cof
daughters of sires hetercwygons for the 1/29 tranglocation wan cdue to
erbryonic death in the heterozygous femnles on?d thal the death wss tne

result of unbalanced karyotyze in some of iho zyrotas, Chromoscme
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analysig of aarly zysotes was not, however, undertsken. Such =
difference was not obvicus in the older cows hut this moy hove been
because heifers of reduced fertility had been culled.

2.1.2. Cytoseretic Trventirmaticn of karly Tumhrooe in the Meuse

Ve

In the mouse, early wvork indicated traf the incidnnce of hetercrleidy
35z day o0ld zymotes was.abeout 40,, but that it varied in dilferent

stocks. (Reatty =2nd Fischberg, 1051) Triyloid embrjos were foind tc

be capable beth of ivnlenting 2nd develeping to an =24dvanced ewbrrenic
stege, The incidence of abnormalities =zt first cleavage hazg bLeen
oy i . EEN )
eported us 5o (Viekers, 1969) snd 5.57 with C.%0 tetrsyloid =y ctes

A ' . - . RN N
end 1.2% triplcid zypotes. (Donahue, 1972)  d=mufman (1973} found -

ruch hiher incidence of 4. la triypleid zygotes in a serice of 197 lfiret

influnnce of Pelsyed Fertiligaticn

Vickers (1969) exumined the effrcts of deloyed fertilicntion on tre
ircicdence of chromosore ancmalies in %-4 doy esbryoc. Shan found thot
wherezs the totzl incidence of ketercpleidy rose from 2,664 in the

/ 0] . . . . ]
controls to %.99: in those snimale with delzyed fortilisaticn, the

ireidence of triploidy rose dramaticelly frow C.325 tc 2.905%

Inflnence ¢l Matororyl Ara

Gosden (1973) found toot dimmature and aged fouesle mica produced . hiznex
rropertion of chrcmosome anomalies in 3r duy zyiotes as cotpared to youn
« . - 3 . -
adulte, (8.5 cnd 12,150 vespectively.)  The vreporiion of tripleid
A

zy-otes dii nob change significantly, (4.%. in dimrature aniaanles, 4,87

. A v : e ~
in young adults, 3.40 in aged adulte). The increocce

e
~3
jenl
o
(64
g
+
4]

in aged adults was cntirely due to a rize in the incilsznce of {riscry,

This ig intcresting in view of the zinilar findings with regard to
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maternil age and Down's syndrcme in man. (Hamerton, 1771)

Miscellaneous

Yamamoto, Endo, VWatansbe and Ingalls (1971) found that therc was an
Mot ogsoi{ic
increasaed inciderce of {trigomic and mesesatse Llastocysts from female
mice with an artificially raised blood sugar level. In addition,
althongh the incidonce of tripleidy was similar to that of the contrels
(0,5%) the incidence of tetraploidy was apnroximately four times ss
great in treated animals. (4.05% compsred to 15)

-

2ol ol Cytorerotic Invegticntione in Doy Tmbrvon of the Gelden Hams

Yamarmoto 2nd Il’lE’,‘{ll le 19 2\ exanined d2layed fertilisation in 2 and

< - /
cobtes. In control anisals thore were conl Q. fm: oFf the zyeoles
3 ' o £l

1,

with an.abnorn.l kavyolype wherezg 15.%% of blastocyets had ruch

.+

defects following, » deluy in fertilization.

2.1.4. Cytocenctic Jrvestiratione in Terly Bpbrvog nf the Debhid

Sstimutes of the incidence of chromogsome anomalies have veried.
Mortin-Deleny, Ghaver and Gommel (1974) found »n incidence of 0.6%
hilet Shaver and Carre (17566Y vencrtoed on incidence of 6,80 in 6 d=
whilst Shaver and Carr (1703} repcricd an incidence of 0,05 in 6 d=y
blsstcoynts. n the latter dnvestipation t'e deecs hod boen treasted
with chorionic govadotrophin. An untreated control grovy produced

bluctooysts with 25 abnormalities, The difference was net cbaticticlly

aisnd ficant and 1der obrervations shownd that oves
goasdatrophin 4id not adversly affect the chrorcoone conplerent of
Yantoersts.  ($aaver, 1072)  Martdn and Shever (10724) founed 1 oof

125 Wlestonyots bed an obnoronl karyotyre,

s

Rolly orers cpeiv s in 111 e (T'f iy grd Bncuyar, f“?”:a) apd eedye in 1

male ropreduative feaet by Lis dAien of tee cerue enidiiya s [Moptin.



Deleon gt al., 1973) increased the incidence of chromosone

abnormalitics. Aging of the ova also increased the incidence of

abnormaliiias. (Shaver and Carr, 1969) The most common anomaly was

triploidy. It appeers, however, that tripleid zygotes were not
normally produced by fertilisation by diploid sperm. (Fechheirer and

Beatty, 1974)

2.1.5, Cytogenetic Irvestieatione in Early Fabryvos of the Pico
N 2l Y 2

There are only four repcrbts of chromoscme analysis cof pig embryos,
McFeely (1967) found that 9 of 88 ten day old blastooysts had detectable
chroumosom? abnormalities. The wost comman aberrotions were triploidy

(4) and tetraploidy'(5)o Swith and Merlow (1971) examined 68 tserty-

five day old pig embryos and found =211 but one had the normal

chromosone complement. This sugrzested that chromosomnlly abnorms!
blastocysts did not survive beyond implantation. Borsel-Felmreich
(1961) exsuined ithe effeccts of delayed fertilisation on the chronorenc
corrlenent of enbryos. Matinge was delayed by 44~78 hours after the
onset of ocstrug, and 13 =cows were slaughtered at 18 doys post service,
4 further 14 sows were glanghtoered 26 dsys post servico. In the {irst
groun, 6% of the erbryos wers triploid wheress no shnormal enbryos were
found in the second qrbupa Thie sugrected thot delayed fertilisation
led to an increased incidence of triploidy -:d that tripleoid ambryos
died before the 264h dey. '

[-]
Akessen 204 Fenwmicson (1977) exawined 113 cxbryes of vavicus ages from

94

silte giproed by a bosr hotercryecus for a reciproeal translocztion.

,

101 offepring wern eifher nrrual or balaneod tranclocabion carricrs wnd
12 (1C.T5) were unkalanced, Vo of fapring villl an anbalanced

oreyetyvpn were tound =t Ml tore no thed steg with oveh unbelrrecd

Vayuntyacs presunably died Voter dm scoateticn,
AR VA :



2.1.6, Cytoecnetic Investigations in Early Embryos of the Ox

There has been only one report in the ox, McFeely and Rajakoski
(1968) found one 16 day old blastocyst with a diploid/tetraploid
karyotype and 11 others with a normal karyotype. The aufhors“
suggested that chromosome anoﬁalies may be associated with embryonic

death in the bovine.

2:1.7. Cytogenetic Investisations in Early BEmbryos of the Sheen

The present work is the first cytpgenetic investigation of pre-
implantation blastocysts in the sheep. This work is of particular
significance in the understanding of the effects on fertility cf
centric fusion translocations, particularly since the incidence in
cattle and some sheep appears to be quite high. A preliminpry report
‘pn pre-implantation blastocysts was published by Long, (1974).

Present Investigation

There are a number of factors influencing the number of embryos at any
point in the gestation. Ovulation rate is depressed in ewes on a low
plane of nutrition, (Gunn, Doney and Russel, 1972) and embryo survival
rate is less in underfed ewes., (Gunn et 21., 1972) Environmental
stress has also been shown to depress mean ovulation rate. (Doney,
Gunn and Griffiths, léTE) Al) these factors were taken into

.

consideration in the present investigation.

The use of a vasectomised tup was abandoned after the first year. The
best conception rates ocour when insemination takes place 16-24 hours
after the onset of oestrus, (Schindler and Amir, 1973) and it was felt
therefore that better results would be obtained by running the fertile
rams with the flock. This also minimised the danger of producing
chromosome anomalies in zygotes due to aging of the ovum. (Witschi and

Laguens, 196%; Austin, 1967; Butcher and Fugo, 1967; Shaver end Carr,
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1969; Vickers, 1969; Yamamoto and Ingalls, 1972.)

It was decided that blastocyst collection should take place after day

11 vpost coitum because after this time the blastula begins toc elongate
TROPHOBRAST

and form a trephleblest (Rowson and Moor, 1966; Bindon, 1971) and a

higher proportion of dividing cells would be available for collection,

(Figure 7&)° Although implantation begins at day 15 (Boskier, 1969)

detachment is still possible as late as day 18. Since the oestrous

cycle of the sheep is 16.5 days (Roberts, 1971) collection must be before this

The collection time in the present work was meinly at the 15/16 day and

13/14 day stage.

2.,2. MATERIALS AND METHODS

2.2.1. Tupping Management, Heterozygous Male x Normal Female

VIn the first breeding season 1971-1972, 30 ewes Qere run with a
vasectomised tup as previously described. Twelve days after their
first detected oestrus, seventeen ewes were given 2,000 I.U. P.M.S.*
(Pregnant Mare Serum Gonadotrophin) subcutaneously and at the next
oestrus, detected by the Vasectomised tup, they were served hy one of
the New Zealand Romney rams. Each ewe waz then slaughtered between

10 and 13 days post céiﬁgﬂ; the day of service being counted as day 0.
‘The remaining thirteen ewes were not given P.M.S. and were served by one
of the New Zealand Romney rams at the first detected oestrus. Each
ewe was slaughtered between 11 and 15 days pest coitum; the day of

service being taken ag day Q. (Table XIII)

In the second and third seasons, 1972-1973% and 1973~1974, none of the
ewes were treated with P.M.S. The Romney rams were run vwith the
flock as previously described, and o total of 98 ewes were slaughtered
betweeﬁ day 13 and 18 post coitum, ‘the day of service being day 0.
*Burrows Wellcome.
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(Tables XIV and XV) .

" In addition to the Scottish Blacl:face ewes described above, the New
Zealand Romney rams were allowed to serve eight Finnish Landrace ewes,
and three Blackface cwes running at grass. The four rams were run
with the cwes at separate times. Each ram wore a sire-sine harness
with a different coloured keel so that it was known which ram served
vhich ewes. The ewes were then used in a pilot programme to attempt to
collect blastocysts by laparotomy from the anaesthetised live animal.
Once again, the day of service was counted as day O and the animals
vere operated on between 11 and 13 days pest coitum.

2:2.2, Tppinn Manaseenont, Normol Male » Helerozyoous Wemale

Bight of the Romney z Blackface ewes, born in the spring of 1972 and
known to he heterozysous for the Massey I traacslocation, wore howvsed
in a covered gen ond Tun with an entire, Scottish Blackflnce ram, known
to have a normal karyotype, 2n = 54XY. the rem wags keeled »nd the
ewes checkad daily to note which had been served. Lack cwe was

slaughtered between 12 - 1% daye ne-t ccitun the day of scrvice being

day 0 (Teble XIX.)

2:26%0 Blostocyst Collention Feet Meorton

Bach ewe vas killed with an introvoenous dnjectien of 4g pentobarbitone
1.

sodivm (2¢ ml  of 200 mz/ml cuthotal ). The ovaries, ubcrus ond cervix

after deoath. The uterus was ringsed with

wvore romovod immedi
warn water to remcve extraneouvs bBlood 2nd dirt and the pesoveriunm and
resometrium cut so that the uvterucs could he 1azid out flat. The
sorviy was cuty just costeciom to Lhe anterior os, whiocn wazn then
ruptured with blunt ended eeizrovac The viepine horng wers uched

3
<

with worpned ealbers vosdiar which w0 co.lectod Trom the gorviy in 0
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L

3 vetri dish.

warn

3

The flushing mediuvm was éO ml of Weymouths medium at 5703, variably
supplemented with 20% lamb's serum, penicillin, streptomycin and
glutamine, (Table IV). A 19 gauge needle was ingerted through the
vterine wall at the utero~tubal jJjunction and the medium flushed through
each horn using a 20 cc syringe. Great care wsg required to ensur

that the end of the needle was free in the lumen of the uterine hoern =znd
not buried in a caruncle. Intramural injection of the medium cauced
swelling of the horn and occlusion of the lumen so that flushing was

impossible. Both uterine horns were flushed in this mennsr,

irrespective of whether corpora lutez were present in both ovaries.

The contente of each horn were flushed into separate petri dishes pleced

on a black formica-topped hot plate at 3700. The formica provided a

dark bockground against which the blastocyst céuld eagily he identified.

Vhen collsction was between 15 - 18 day vost coitum, the eleongation of

the tropholoblaosts hed taken place s=nd each zyzote hud to be carefully

separsted and disentangled using & Pasteur pipette. The 12 - 14 dey
CGNES

old blastocysts were eapily separated but the older emels often hrcke

vp on manipulation.

Chra~cseme Preparation - 1972

After flushing, eoch blastocyst was transfered to 2 sep-rate watchglass
and cut into small fragmente with fine scissors, If sufficient wore
available, materinl from each blostocyst was divided and rlzced into
threo centrifuge tuber v'ith T nl of VWeymouth's relium. Te this besic
medium was added betweoen 0.3 ~ C.7 ml colcemid (OOBJuJ/ml), 2 ml lamb's
serur, 10 iu penicilling 1C oo siregtomycin s2d C.024 mlf zlutamine,

. PG DR )
(Table IV). The cultures were incubsted at 37°C in s water bath fov
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intervals of either 1 hre, 2 hrs., 3 hrs., 7% hre. or 24 hrs. After
incvbation the material was centrifuged =t 3CC rpym for 3 mins., the
supernatant removed and the cells resuspended in 5 ml cf OOIESﬂ KC1 a%
370C for 10 mins. Following hypotonic solution treatment, the material
was re-contrifuged at 8C0 rpm for 10 mins., thc supernstent remove? -ad
the cell button resuspended in 2 ml.of cold fixative, (3:1, methanol:
acetic acid)  Cultures remained in the first fixative a% 1°¢ for 15
mins.; in 1 ml of second fixative for %0 mins., and 1 ml of third
fixative for 30 mins. Slides were preparcd by dropping & ml of the
cell suspension onto cold, clean slides, These were alr dried and

. s -t s s
stained with 27, aceteo-orcein for 3 hrs. before nounting.

The slides were scsnned with a Wild microscone using a low power lens
and metaphase spreads werc counted under oil, A minimunm of five goond
cells were counted beforo karyotype diagnosis wag considered confirmed,
Blastocysts diagnozed on less than five cells were denoted by an

asterisk, (Table XIV).

Chromoscme Preparation - 1973

The procedure vwes similar to that of the previouns year excent thazt the
blastocysts were not disaggregated until placed in hypotonic solutioms
Only one culture was therefore made of each blastocyst,

R

20.2.40 Blastocyst Cosllerction frem the Live Animal

Blastocysts were collected by a modification of the method describhed by
Rowson =nd Moor (1966). Anaestheslia was induced by an intravenous
injection of 1C7% thiopentone (1 gm/200 1bs, B.4), the animal intuboted,
and ancesthesia maintained by halothane delivered via s Somi~closed

inhalation syetem, The ewe was placed in dorsal recumbency, and the

posterior part of the abdomen c¢lipped, shaved, scerubbed clean, washed
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wilh antiseptic and draped in the usual manner. A midline skin

ncision was made approximately 2 inches long, iumediately anterior t9o

.

vhe mammary glands. Bubcutaneous tissue was reflected by blunt
dissection until the linea alba was visible, Care was reouired to
avoid the left subcutaneous abdominal vein which ran very close to
midiine at this point. The vein was refiected with the subcutareous
tissue and skin. A l% in. long incision, w=zg made through the lines
alba and into the abdomen (Figure 17). Two fingers wore inserted
through the orening, the uterus identified by palpation and
extericrised. Both ovaries were examined and the number of corpors
lutesz noted. Bowel clamps were placed just anterior to the cervix and
a 19 gauge needle was inserted into the lumen of one uterine horn at
fhe utero-~-tubal junction,. 10 ml of sterile VWeymouth's medium was
flushed through into the uterirne body.  This uterine horn wss thsn
clémped with bowel forceps at the horn/body Junction. A stab
incision was made into the second horn approximately %+ in. posterior
te the uterc-tubul Junction and a catheter inserted. The catheter
was fixed by a ligature of 2/0 catgute A 19 gsuge needle was then
passed into the lumen of the uterine bedy and 20 ml of eterile Veymouth's
mediam was {lushed back along the uterine horn, out through the
catheter and collected in a universal bottle (Figure 17). The
cathetsr and c¢lamps were then removed, the incision in the uterine h-rn
¢losed with = éingle Lemhert's suture using 2/0 c2tgut and the uterus
replaced in the abdomen, The linea alba was cloged with continuous

sutures using thick black nylon and the skin closed with interrupted

N

horizontal sutures using thin blue nylon, Post operative antibotic

3

{

were given for three days and the skin sutures reroved after seven

daySo



Chromosome Preparations

Amorphous cellular material was collected from the Blackface ewes
operated on day 16 and 17 post coitum. It was processed in a similar
manner to that described for blastocysts, collected post mortem, at
day 14 - 18 Egigmggiggﬁo Two morulae, collected at laparotomy from
one Finmish Landrace ewe were cultured in 10 ml Weymouth's medium to
which was added O,%zug of  colcemid. The medium was maintained at
5700 in a waterbath for 2 hrs. and then centrifuged st 800 rpm for
8 mins. The suvernatant was discarded and ths cellular material
resuspended in 5 mls of Ou129% KCIL. It was at this ctage that the
morulae were identified as they floated to the top of the hypotonic
solution. The morulas were left in the hypotonic solution at BTOC
for 10 mins. snd then placed in fixative (3:1; methanol:iacetic acid)
for 15 mins. Each mopula was then dropped on to a clean, chilled
slide and bombarded with fixative to ftry and spread the cells. The
fixative was evaporated as ouickly as possible and more fixative .

3

dropned. This procedure was repsated several times and then the

S

preparaticons staincd in 2% aceto-orcein for ihree hours,

2:.2.5. Fxamination of the OQvaries

In the first year, the ovaries from the slavghtered ewes were oxamined

after the removal ¢f Lhe blsstoeysts from the uterus. A nete wasg ede
of the nurber of corpora iluten nresent, In. the cecond and thied yesrs,

in addition to counting the number of corpora lutea, cach ovary was
fixed in Bouin's Tirative or formol sasline and histolosical prepar-
ations made of the corperz Jlutea,

—
!

202.6. Tirteloerienl T

R
ToNaTa T AILnG

The matoerial was prepared in ihe usual wey using o bBistolkine,

conin.g .

N,
o)

Sectiong were cud B thiceh and siainced in hremstoxylin an
i
L
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2, Zn RESTLTS

2.%3.1. Rlastocyzl Recovery, Tost Mortem. Heterozveous Male x Norr-l
Tamalao

The results of blastocyst eollecticn for the three seocscons sre shown
Pables XIIT - XV. In the first seascn, 2lthough a %ctal of 46
blastocysts was collected, a recovery rate of 33.1%,the quality of
chromosome preparation was poor. The main defects were low nitotic
index and poor gpreading bf cells at metarhase vhich made chromosome
counting difficult. The results from the first year's collection 2re

therefore not included in leter calculstions.

In the season 1872-1973 the recovery rate vas 8705% 28 judged by the
number of corpora lutea, -ué the percentage of cellected blastocysts
“successfully analysed was 78,18 In the season 1973%-1974 the

recovery rate was 7?.,ﬂ and percentage successfully analysed was 68.15%

(Tables XIV and XV). ' -

'2.%,2, Rlaostocyst Collection by Lavarotomy

s

The aprroach rund eyposure of the uterus wos satisfactory btut application
of clamne to tre uterine horn and body did lesd to considerabhle
congestion if the procedurs was prclonged. In particulsr the ovary,
became sevoerely congestedo
The recovary rate of blsstocysts was disappointing. 2lthou_n material
was obtained from all-three animale oferated on day 16 a-d 17 post
coitum, it war iupossible to determine whether this was pieces of
trephloblast or éellular debrig from {the cwe. Collecticn at betwecn
ny 11 and 13 ppot cxitum, when the blastocsst would be besinning tc
elongate, (Rowson and Moor, 1966; Roshicr, 1969; Bindon, 1071) was
alee difficult.  Cne problem-wes that the nedlium did neot always
flush easily throuasl: 1he uterus, This may have baen due to bad

-
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pogitioning of the cntheter which could have become occluded againct
tbé uterine walle  The two zygotes collccted were morulae/blastulae
and only identified once the hypotonic solution was added to the
culture, Criromesome preparaticns were poor from hoth the specirenc,
In one blastula, the metaphas ; chromosones were insufficiently spread
to enable counting whil«<t in thc second the cells had burst, dispersing
metaphzse chromosomes throughout the field of obrservation, again weking

counting iupossible.

2:%:%. Sex Ratio. Jeterozypous Mele x Normal Femole

In the season 1972-1973%, there were 26 blaslocysts with a male karyo-
type and 17 with a femzle karyotyve. In 1973~1974 there were 21

males and 15 females with an cverall sex ratio of male:fenzle, 1:0.72.
This was not a statistically significant difference frem .2 theoretical

1:1 ratio (x2 = 2,85: P)0.05). o

2.%.4. Tranclocation Scovepation. Heterozyeoous Male » Meymol Temale

Cnly normal or balanced branzlocation heterozygetes were identified
(Figures 8-11), One blastocyst from ewe QFQO,L, apparently had
complex keryotyre of 52z Y/B,XY 54XY in the woportion of 20.4%4, 15.917%
34°O9%o A tr;nQJoc°ULon chromosoune wags not cbserved in any of the
cells counted. A comvarison of the spréad éf chiromosome number in

cells from the blostocyst collected from ewve SEBO/Z ard blastocystis

collected from two other cwes i shewn in Figure 15,

Significently, 22t only wore ne unbalanced t“ﬂhelorﬂ1 on carrlers
identified, but neither were ory other abmeruslities, with the
excoption ¢f tho blestooyst fronm cove SESG/Q

There was a totrl of 20 belancod wole hotorozyeotes and 14 halencel



female heterozygotes with 25 normal méle and 18 normal female
blastocysts. There was no significant difference in segregation of
the translocation between male and female zygotes,(x2 = 0.,002; P>0.9)
neither was there a significant deviation from the expected 1:1 ratio
of normal snd balanced heterozysotes (x2 = 1.052; P> 0.3) (Table XVIII)

The karyotype of blastocysts sired by each ram are shown in Table XVII.

2:3.5. Blostocyst Recovery. Normsl Msle x Heterozygous Female

The blastocyst data for ewes heterozygous for the Massey I translcestion
are shovwn in Table XIX. There was a recovery rate of only 33.%% based
on the nunber of corpora lutea and a successfil)l snalysis ues made of 3

of the 4 blastocysts collected,

2.%,6, Exemination of Qvaries

a) Effect of P.M.S, Mreatment

One striking point about the effect of 2,000 in of P.M.S. on the ovary
was the tremendous variation in response. (Table XIITI) Some animzls
only had one corpus luteum whilst one had 2 total of 23. The seccond
point of note was that those coveriss with nc corpora lutea were small
and pale with no, or only tiny fellicular formation. The genersal
impression was that 2,000 iu wes too high a dose and upsel the balance

of follicle stimulction and ovulation.

b) Distribution of Corpora Lubca

Excluding the results from the first sesson, there was a total of 78

corpors lutes identified on the right ovary and 50 on the left. This
s .o vs o 2 g e

was a statistically significant difference (x" = 6.1%; L)‘DoOl)o

When the results of the first season vere concidered scparately, 82

~corpora lutea were found or the xisht ovary of animals stimmiated with

N

PuM.S. and only 5% on the left ovary. The corresponding figures for
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untreated ewes wefe 9 corpora lutea on the right ovary and 5 on the
left. In ewes treated with P.M.S. the difference in the number of
corpora lutea on the right and left ovaries was statistically
gignificant. (X2 = 6.,23; P 0.01) whereas the difference in ovaries
from untreated ewes was not. (X2 = 1,143: P20.2). However, the
group of untreated ewes was small and only Jjust within the limits of
application of the chi-squared test, for which the numbers in the

groups to be compared must exceed five. (Moroney, 1973)

¢) Histological Examination of Corpora Lutea

The corpora lutea were examined histologically to try to determine
whether they were corpora lutea of pregnancy or regressing corpora
lutea of an ocestrous cycle, This was attempted by subjectively
assessing the number of type IV lutein cells (Thwaites and Edey, 1970)
The 11-15 day corpus luteum of pregnancy (i.e. C.L. from animals from
which & blastocyst had been collected) could not be distinguished from
a corpus luteum of the oestrous cycle at this stage by this method.
However 16 ~ 18 day corpora lutea of pregnancy could be distinguished
from regréssing corpora lutea (Figure 18). The ewes found to be
empty when slaughtered all had corpora lutea with a histological
picture typical of a late cycle, regfessing corpus luterum, i.e. mainly
type IV luteum cellé. The corpus luteum from SE19/2, from which a
degenerating blastocyst was obtained, presen}ed a histological picture

similar to that of a pregnant ewe.

2.4. Discussion

2.4.1. Sex Ratio of Pre-implantation Blastocysts

The sex ratio of pre:implantation blastocysts from heterozygous males
x normal females showed an excess of Y bearing blastocyst (47) over

femsle blastocyst, (32). This gave a sex ratio for 13 - 15 day sheep
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blastocyst of malesfemale of 1:10.72. These results were not, however,
statistically significant - (X° = 2.85; P>0.05). . The results could
have been biased in that the matings were between male translocation
heterozygotes and normal females. This would influence the sex ratio
if there were to be a differeﬁtial fertilisation of ova hy X or Y
translocation~bearing spermatozoa. This does not appear to have
occurred as there was no statistical significance between the number of
male (22) and female (14) translocation heterozygous blestocysts,

(X2 = 0.12%; P> 0.70). Thereforg the use of males, heterozygous for a
centric fusion translocation is unlikely to heve influenced the sex

ratio.

Examination of the sex ratio in early embryosin other species has
‘génerally shown a ratio close to.1l:l. In the rabbit the sex ratio has
been examinad in 5 -« 6 day o0ld blastocysts. Shaver (1970) examined
75 blastocysts, 42 of which had an XY complement and 31 an XX with 2
undetermined. This gave a ratio of male:female of 1:0.73%8, which was
not statistically significontly different from a 1:1 ratio, (x2 = 1,663
P>0.30). PFechheimer and Beatty (1974) examined 440 blastocysts. Two
hundred and eleven wercXY and 22} ¥ with 6 undiagnosed. This was not

aignificantly different from a l:1 ratio.

In the mouse, Vickers (1967) sexcd 98 three day old blastocysts ana
found an exsct 1:1 ratio. Kaufman (1975) examined mice zygotes at
metaphase of the first cleavage., Of 168 cells,'123 vere sexed and 62
vere male and 61 female. This is the only report known to the writer

of examination of the sex ratio sc c¢lose fo cenception.

In the pig, Smith ond Marlowe (1971) examined 68 twenty-live day old

embryos with the normal diploid numbor of 38 chromosomes. The
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distribution of sex was reported as 57% XY and 45% KXo Trnis was a

ratio of welesfemale of 1:0.816.

The only report of sex ratio widely differing from 1l:l was in the
golden hamster. (Sundell, 1962) Five hundred and two blastocysts
were collected 3% days after mating. Ninety-eight wexre suitable for
sexing and 63% were classified as male and 35 female giving a sex ratio
of malesfemale of 1:0.5. This was a significant difference from 1l:l.
The large percentage of undizgnosed material makes interpretatioﬁ
difficult. If this ratio was true in the undiagnosed nmaterial it
suggests that either there was a differential production ol X and Y
spermatozos in the testes or a preferential fertilisation of the ova by
Y bearing ganetes. Alternatively, fthere could have been s higher

percentage logs of female zygotes in the pre-implantation sfage. At

~

birth,; the sex ratio of 167 offspring was 86 males and &1 flemales.

<

For this to occur following a sex ralio of 1:0.0 in favour of nales a

o

3 days, therc must have been a higher percentage Llose of wmale zy,otes
in the poste-implantsetion period. Such o differential losgs of mule

and female aygotes in the pre~ and post~implantation perxicds would

8till be consistent with a primary and sccondary sex xatio of l:l.

Since the rcepoxrt by Suﬁdell (1962) in the golden hamgtor was al voricoce
with findings in other species it would Ye dnteresting to investigote
the situction further. The high level of undicgnosed wmaloxiel iu ihe
report by Sundell sugeects that the cquash technique used to produce
calle for chronmouome vramiusitlon was inadeguate for concistent
identificution of the chromosomes, Tt i possible thal wore concisb-

-
i
.

ent results vould be obtained usin, the recent technigue of Horkowixd,
\ PR ~ - _ 4 o - ~ . . N 1 S .
(2960) vhicu produccd good sprending of chromosomes and roduced lie

amounnt of cyfoplasude background, naging ddwnivilicetion



of morphology and number ecasior.

2.4.20 Translocation Se~re~stion and Chromosoms Anomnlies

The most important findin; was the absence of blzstaecysts with an

unbalanced karyotype. Of 102 blastocysts recovered, 75 (73.14%) were

Difiod
diagnosed of which 40 had the normal dielied number of 54 chromosomes

and 35 were balsnced translocation heterozycotes. Indeed, with the
possible exception of one blastocyst (SE80/2 Bl} wvhich is discussed
below, there was a complete absence of chromosome abnormalities. There

are a number of explanations for these findings,

Firstly, it mzy be thit the technique used for thz prepsration of
chromesomes from nre-implantation blastocysts favoured those with s
normal ksryotyoe and any blastocyst with an abnormal karyotype remained
undisgnosed. A very ghert culture time in coleemid of between 1} and
3 hours was selected so as teo avold the danger of rroducing chromoscne
anomalies during divieions in oculture.  However, if cells from
blastocysts with an abnormnal karyotype were dividing less frequently
than those with a normal keryotype less cells would accumalsate at
metarhase. The chances of being shle to disenose these blastocysts

would therefore be reduced.

In the examiration of huwan aborted material CGuré, Bous and. Boue (1973)
found that embryonie cells with chromosome abnormalities had a longer
genaration time and shorter 1ife-span than norms) cells and trisomy

"C" material was particvlarly difficult to culture. Mittwoch and
Delhanty (1972) compared the ralative percentege of diploid and
triploid fibroblast cells from a A6XX/69XXX woman after various
intervals in culture. They found that the proportion of triploid

cells reduced with time and concliuded that this wes due to delayed
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grovwth caused by the exbtra set of chremosomes which prolonged the time
necessary to complete the ritotic cycle. Therefore, slower division
rates may heve been one factor cousing chromoscr :11y abnormal
blastocysts, if any were present, to remain undisgnozed. = Triscnmic
embryos have been identified in the tobacco mouse Ti nyhrids but in
these experiments cclcemid was injected into the danm a number of bhours
prior to blastoeyst collection so that there would have heen time feor
mitotic cells to accumulate. With the presont data, the failureto
detect unbalanced blastocyste canmot, on its own, be taken ns definite
evidence that such blastocvets dia not oxist, Hovever this in
conjunction with the lambing results (Seetion IIT), strongly ~vsgests
that their existénce was unlikely. Unbalenced, live born lambs werpe

not found and there was no evidence of abnormal embryonic loce.

'it is unlikely, however, thut all the undiagnezed moterial was
chromosomally sbriorasl,  COf the 102 blostocysts collented 27 (26.56%)
vere undiagnosed. Tour of these were catogovised as cellalrr Cobris
and a fifth was an entire blosbooyss et concidered to b deporersatinz,
Tt had =2 mucold natere and the celle weore c¢londy vether than hoving
the mor= normal translucent annecranac, e Dowsi“ility'th”t thoge
five samples wero the remaina of.chrowoscmally sbnarnal zygoetoa esnnot

s
ba excluded. However, the romoining 22 Lliestoorsts were movpholor-

.

ically novrmal aml the digpersed cells on the o)ids neopernitions 43
appenr 1o be depenerating. The feilvre Lo obtain suitsble chramcosome
epreads ¢ould have been din Lo some snat]l unreacecrdod varicdlion in

techniour which produccd inferior wprensrations.

Secondly, in the 75 blastoeyats disenc-od 1t s juei possitle thet
suck abnorpa] Faryolynes e wozsice or ohimeras  veore nisred.

Loral

Moeniews sre Tereed by divisicna' crrovs cooducins fwe or mors goll



lines from a single zysobe wacreas chimeras are formed by cell lines
from two independent sygotes or by double fertilisation. (Ford, 1969)
When one cclT line greatly oxceeds the froquency of the others these

may be missed if only & small sample of cells is

[

examined, At the
beginning of the present progionme 10 cells were counted from eéch
blastocyst. Por practical reasons this was redvuced to five cells,

The standard procedure wvas to count the first five cells that appesred,
under lov powor gcanning, to be diploid. 1f the guality of chromosome
morphology was poor, nore than five cells were counted =nd diagnoses
based on lesz than Tive beczuse of the paucity of cells have been so
recorded. (Wable XLV and 2V) It is conceded that this technigue
might not heve identified woszics or chimeras with o second cell line

of low [recuency. However, Bruere and Mills (19?1) ddentified a

34K&/f?"LL+ewe Ly routinely counting 5-10 cells at weisphase. Foxe

extensive counts showed thera werc 05.60 53nEM end 34.450 544% colls in
the leucocybe culiures. A similer technique was sdopted by Ford snd

Evans (1573) in Llhe esssinetion of pre- and post-implailation mouse
emhryos. Yhese subhors also recesnised the possibilily of wiae
diagnocing mosalces, hut consifcred the chiwness of doing sc ware Lo
Tdeally the waximum nuwober psecible rhould be counted but praciicsl
congidarations veually limit iris to bebuscn 5 anda 10 cullss In
ndividunld cases mera cells wore counted wacw definiie diagnosis wao

difficult.

An ewoample of Jusl such a cure was bloslooyst nuwber SESQ/C B, . e

first Tive oclls counted vere oitller dipluild, 54870, wr i

- 9 R 3 L n o sy
total of 44 cclls were counbed, Cdving = ¢iotribullon of chromosone

L)
nunber an snown in Mauee L. S obranslocsiicn chirouosine wus nol
ebsevved o ony wi tho cellu. e dacobribation of cell nuwdbor wel

N . - I R N
Goripatet Wili tisl Lo



3?41/2 B2 diagnosed as 53XY7T+. The scatier of cell number in all
three blagtocysts was predominantly hypodiploid bulb in SESO/Q Bl the
hypodiploid celly comprised a much higher propertion of the total cells
counted. (54,50 compared to 25.Cq and 104) In such a eituation it is
Gifficult to determine whet was the correct karyotype. Hypo-mnodal
cells cazn be produced artificially during the treatment with hypotonic
golution and the cpplication of the spreading technique.  IHyrer-mclal
cells were less likely to be produced by such proceldures. If
blastooyst SES0/2 B, wos more fragile than the other blastocysts,
treatment with hypotonic solution might heve caused more disruption of
cetls than in other blastooysts, In the absence of a marker chromocome
to ldentify a mosaic or chimera, it is impossible to make a definite
disgnosis from the above results. However; eince no trenslocation
chiomogome was found in eny of the preswaptive cell lines it was not an

unbalanced trancliocation ecarrier, :

An albernative reason for thno abgence of blasboeysts wiin an abnormal
karyotype could be that they were all climinated carly in the pre-

iuplontation stages The tiwe of colleciion wau chosgen to obtain

Tt

blastocysts after clongation of the {trophloblast wihdcn oc&ars around day

(Rindon, 19?1) Mis provides a larze nowher of cells for
examination. However, it wmay have been later than the stage 2t which
L0%es Lere loste In the second year of toe progrouane g
(12.7.5) corpowry lutea were nol represented by & zygote and in the third
sear 13 (27075 were unregrescented.  These figurcs represent

fertilisation feilure plus carly zyectic CbJ&ug and tae two conddtions

could not bo dilferenticizd. Thwaiie (1973) evanined the tine cource
ol eubryonlic cesorption in the ewe. He founrd bhet trocen of embryon

hilied by wn dntro-vleriue injection of colenleine on day 13 post

. o e . \ ) e e e
codbtum ooula Still be Getected lu Lhe ubsous by oy L7 dn Tour of siz



animals examined. It is reasonable to assume, therefore, that in the
present work most of the embryonic death occurring after day 1% would
have been recognised. ‘ However, if zygotic death occurred before day
10, when the zysote was only a spherical blastula, approximately 340}un
- in diameter; (Bindon, 1971) it is unlikely %o have been recognisable

by d@ay 15 or 16 when collection took place. Iven vhen collection was
on day 13 and 14 as in the third year it is doubbful whether a
disintegrating blastula would have been identified. The degree of
early zygotic loss is, therefore, unknown and it is possible that zome

of the early losses were chromosomally abnormal.

Heterozygosity for a centric fusion translocation in the wmale has been
ghown to be associated with early zygotic death in the female mouse,
lionosomic zygotes, the products of pametes formed by non-disjunction at
meiotic metaphase 1 of tranclocation heterozygous meles, vere lost in
the pre-implantation stage whilst trisomic individuals survived for
some time posi-implantation. (Cattahach and Mosely, 197%; Ford and
Bvans, 197% and Gropp, 19?5) These mice were heterozygous for one of

the translocation chromosomes of the tobacco wouse (M.poschiavinus)

and there was a marked difference between the degrece of zygotic death
and the different cihrcwosomes involved in the translocation. However,
with all the translocations the incidence of foetzl death was higher
vhen the fewmale was the heterozygous partners This suggests that
either more unbalanced gametes were beiny formed by trhe female or a
smoller proportion of unbalanced spermatozoa were fertilising normal
ovas In the human, females heterosysous for the DqGq centric fusion
translocation produced a higner proportion of offspring with an
unbzlanced karyotype than male heterozysotes. (10.€5 compared t0 2.45.)
(Hamerton, 1?71) This sgain suggeste that either fthe female producces

nnore vnbalunced gametes or unbalanced male ganetes fertilise fewer



ova than normal or balanced translocation carriers.

In the present work only eight heterozygouy females were available for
blastocyst collection, Blastocyst recovery from norasl nale x
heterozyzous female matings was markedly below that of heterozygous
male x normal female. (33.3%% compared to 87.3% and 78.18% ) This
did suggest that a higher incidence of either fertilisation failure
or zygolic loss occurred whea the female was hetercmygous for the
Massey 1 translocation. Iowever, in the absence of identification of
zygotes with an unbalanced karyot&pe the cause of such differences

remainedspeculation.

Hore extensive matings of norrmal mslee with females h tulozyboub for
the Massey I translocaticn, than'was posaible in the przocnt prograumae
.aid not verify. the finding. Tranglocation females were equally =
fertile au normul females with no evidence of increased embryonic loss.

(Bruere, 19743 personsl communication)

The final posgibility for the absence of blasiocrets with unbalanced
karyotypes is that unbalanced specaztozoa were incapable of
fertilisation. Such'unbalancc&.sPermatozoa are known to be capaile of
fertilisation in the mousze (Caltansch and iogely, 1973; Ford and Lvaas,
1973; Gropps 1973) and in man (dzmerton, 1971) and there is no evidence
to suggest that they would not be capable of fertilising in the chogp.
Yo swmnarise, althau;h no blastocysts with en unbalonted karyotype

were identified; this in itsell is not sulficient evidence that they
were nob teing produceda However, Jambing resulte (Scetdon IIL;
fedled to TEVC¢l any unbaliancsd liveborn Lowbs and there way no

L

evmdcndc of an incre-sed incidence of oéillbisthe or sbortions.

2
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Futhermore, there were ne prolonged or irresular oestrous cycles
indicating carly embryonic death so that the existence of unbalanced

blagstoeysts seems unlikely.

It is interesting to note that the level of undiagneosed maberial (26,65
vas within the range of the estimated prenztal loss in sheep, (20-30::)
(Bdey, 1969).  Rishop (1964) suggested that a high proportion of
prenstal loss in any species was due to genctic factors and in the
human 65, of spontancous abortions have been found to have chromesonal
aberrations. (Boud and Boué, 197%a).  Iven if all the undiagnoscd
material in the present woric were to be chromosumally abnormal and
lestined not to survive, the prenatal logss would not be greater {than in
animals presused to have a norisal karyof*;ce Therefore, males
heterozy ous for the Mossey I translocation did not cause = rise in

prenabal loss in ewen to which they were wated.

2.4.3, Ovarian Necpense to Hish Lavels of Precneont Mare Sorun

Sonadotrorhin

In the present work, eves vere sunercvulated with Pregnant Mare ocrun
Gonadotronhin, (F2 T, wi.th *HG view to cobtaining the maximur number of
blastocystz from o Linited number of ewes, A dose level of 1,000 iu
CFUSG was recommended in the Scottish Blackfsce ewe fto produce the
highest mean lititer size. (Wewton, Denehy and Betts, 1972) However,
it was thought by the present writer that the limitstion on the

paintenaree of multiple conceptious in the ewe would be utberine sgoce
and that taie factor would new ooply to zre-implantetion blastooysic.

A

It wue thoerefore decidcd 1o use fhe hijher duse level of 2,020 iu ITS5G.

EEAN ey

However, the precis? proved to be faloe. e woag naried variolion

In ovarizn rvesponee and blaootocyst wecovery rote was noow. The
H . 5 et Y2 .. .. P R SRR
avers,. naiber ol corpora lute, feon 14 Wi Hed ges ovary bulb
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values ranged from 1 to 15. (Toble XIII) Whilst ovulation rate was
higher than in the untreated animals the percentage blastocyst
recovery was lower. A'total of 106 corpora lutea were represented by
only 38 blastocysts in the PMSG treated group, and 16 of these came
from one animal. Conparable figures in the untreated group were 14

corpora lutea represented by 7 blastocysts.

These data show that following the subcutaneous injection of 2,000 iu
PMBEG there was a marked individual response and a higher degree of

either failure of fertilisation or early embryonic death.

The variation in response to subcutaneous injections of PMSG has been
noted in a number of breeds of sheep (Averill, 1958; Cummings and
McDonald, 1967; Newbton et al., 1972) and occurred even at levels of
between 500 -~ 1,500 iu. Tervit and McDonald (1963) reported some
failure of fertilsation in New Zealand Rommey ewes injected with 1,500 in
PMSG. The low fertilisation rates were parbticularly noticeable in
eves with the greater number of corpora lutea, a tendency found in the
present work. It was suggested that this could be due to the fact
that with a high rate there would be a spread of ovulation over a
period of time. This may lead to an impairment of fertilisation and
development of the later ova by the esrlier ones, (Newton et al., 1972),
since Moore and Shelton (1964) had shown that the development of
fertilised ezgs was impaired when the reproductive tract was out of

phasge,

Newton et al.,(1972) also suggested that the variation in response
between breads wight have been due to different hrands of FIISG used by
different workers. fhis however, does not explain tiae variation of

response within eacn trial. Such variation was probably due to the
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differing hormonal status of the individual ewes. At rresent PMSG is
aduinistered a certain number of days after the onsel of oestrus,
usually 13 days. This may not be a sufficiently precise btiming for
congtant results to be obtained. Ferhuaps a mere consistent result
would be obtained if IPMIG were to be injected at a given time éfter the
last ovulation. This would, of course, severely regtrict its

application in commercizl flocks

2edoste Comparstive Qvulation Eateo of the IRicht znd Leit Quary

-

In 97 Scotiich Blackface sheep, not treated with PM3, there was a

statistically significant difference in the number of corpora lutec in
s N - -

each ovary. A total of 78 (61.¢7) corpora lutea were located on il

right ovary end 50 (39.C:1)on the left (X2 6,133 PY 0.01).  In 80

=
H

ewes, ovulation cccurred in one ovary only. i toese animils 60
(65.27) corpura lutes were on t‘; right ovary and 32 (34.8.) were on tao
left.  Single ovulations ocecurred in 70 ewes, of which 02,57 were on
he wvight ovary and 37.2% were on tae left. the rewaining 27 ewes
produced a fotal of 53 cowvpora lubca of walch 34 (U8.6,.) were on the
.,"\ “

vight and 24 (41.47) were on the left.  Ghal is, if there vus 0 Lo a

gingle ovulation, it was L.7 times wore likely to ocour in the rignt

154

ovary thaeun the left. - Torx wultiple evulations ticre weve 1.4 tines core
corpors lulea on the righi lhan thc left, €59 Lo evidonl, toercflcore,

thet dn Dotiv single and multiple ovidetions theve was o dominance of the

right ovary. Similar findingse vere reported by Cagida, Voody anrd Pone
(1966) in Rempshire and Columbia sheop. Phece autnor. alao found
vhat dn single ovudetions only 217, of corpor. Jutes oo bl it

T P
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lutea from the left ovary were not represented by blastocysts. However
cellular debris was found in three cases where there was a corpus

Juteum in ﬁhe right ovary and once when the corpus luteum was in the
left ovary If this debris is counted as a zmygote then only 9.1 of
corpora lulesa from the right ovary were nol represented by a blaétocgst
vhilst 11.5%5 from the left ovaly were not represented. Yhere is sonre
suggestion, therefore, that there is some sort of biolesicel biws in
favour of the right ovary.

2e4e50 Histolosical Diffcrentiation of the Corpus Luteuu of an Jestrous

Sexialr

Cyele and that of Prepnancy.

1

In the preorent work, histologicnl prepsrations of corpors lutsa were
examined ond correlated wilh the precence oxr abhsence of a dequouJ bodn
the uterus, “he alw was to distinguish bebuween o dziencrabing norpus
iﬁteum and one of prernancy and to apply this wvhen cornsidering whether
cellular debrig collected from the uterus was o degenerating zyvoote,

LI the zygote had diced after dsy 12 of the cestrous cycle the normsl
degenerstive process of the corpus luteun wouid have peen deiayed.

£ . -
Jioor and Rowuong 1ybd)

distological differentiation of fLe corpus lutocum of pueivuncy and of
oeatrus has been studied in detail by a nuwsber of utives, (Loane,
Hay; Moor, howson and Short, 190¢; Thwadites ond mdey, 1770; ldnden,
1971). A1l agreed thuat ofter dzy 15 of the osutrons cyuie thesc wive
progressive signs of luteal degencreation. Thesites end Daey (1979

s o~

breed thelr Ldenlilication of thin cyclic changs on bha colalive

sy JLO . Ny . T T AT T S G | . (LS RO
proposcion of fve different tyocc of lulzdn cells, Pt owan Tow
approsch wred An Lhe prosont Wolih. In Bhio 35-dny coolun dutenT ol e
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and darkly staining. By day 17 moct of the cells were type IV and V.
These were small, shrunken cells with very little cytoplasm ond dark,
hyperchromatic nuclei. ‘ In contrast, the 16 -~ 17 da2y corpus luteum of
pregnancy possessed mainly types I, IT and III lutein cells with vexy
few type IV and V cells. Churacteristically, in pregnancy, the cells
wére large with pale ceytoplasum and round, centrally located nuclei.
Figure 18 shows the histology of a 16 day corpus luteun of oestrus and

Pregnancy.

The only animals in which cellular debris was collected, were all
slaughtered on day 1% post coitum and the degenerating blastocyst came
from a ewe slaughtered 14 days post coitum. It proved impossible to
distinguish the 13 - 14 day cerpus luteun of the oestrwus cycle, of
pregnancy ard of those ewes containing cellular debris or a degenerating
blastocyst, It was not possible, therefore, to confirm that early

zygotic death had occurred in these cases.
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SECTION IIX
THe BFFECT OF THE IMASSEY T
TRANSLOCATION ON LANBING PERTORMANCE



]

ITT Bok S07LC0 o0 ils Talsey T WRALGLOCATION O TAMBING L. FORMANCE

3ale Introduction.

Very 1ittle information is availablce on the effect of centric fusion
transloeations on the brecding capabilities of either wild or domestic
gheep. The prezent investigation presents information on mating,
pre-~implantetion blagtocysts and sccondary sperualbocytes so that the
Maseey I tranzlocation is the nost estensively studied of all the
centric fusion translocations in domestic animals.

Breeding crograames wore run for thrss successive years between
October 1971 and Juna 1974, using four Wew Zealand Romney woms (769,
6169, 7369 wnd 7969 - Figures I, ii, III, IV and V) known to be
retercesygous for the Hasgsey I trauslocation and Scobtish Blacikiface
anes. The rems had travelled by silp, leaving Vew Zealand on 26tk

Lugust 1971 ond srriving in Tondon on £%h Qetower 197L. Doy spent the

reguisibe two weeks 1o quarantine sal then travelled by road to

Glosgoi. Adners Wan gome concern tast theilr brea2ling iperloraance migul
be impaired by the Jisturbhance of e long jo*fﬂ a7 and the change of
henilspheres, Thaey had leflt Wew zenlend in labe winber wheon
spermatogenzsis is pdos in the rua (Brusve, 1974; personal ccmuunication

agnd arriveo in Giloejow eignt wezhs loter, al the beginning of tas

braeding sencon in tie noivlhern wouds: nerve. dowever, whilut on boord
cndp thae rawt fwed heoen ceeted on declk and were euposed to uhe change ol
daylignt hours. There is evidoncz thalb sltucugh the wale reproduciive
! v
capeCliby 1a nclb so stelcelly seanoral asilie feaasle, it does reach a
£ J 9
e L ke N A L T ) '{' ‘}'a,; T 'b'v; 7' e 1 Co N0, 1
pehln O COLACLES Wltd whne .L(,». BRY) Legulily © SON NRAcs NOrau

circumstances (Pepilio and Clesy, 1965; Lecs, 1965).  Doopite lhelr

Lo work whea rregentel

—~

long Joeurney, Lires of fthe four bups wecez Loon

17 .,

A I . RS X e AT o o mees vap g - -
to fJJ owon in Jlovedaber 1071 ans 031 four roms wWorned LJwsCoLoaiully in
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the two succeeding years.

3020 Materials and Methods

302010 Tupping Menssement

1) Heterosysous Male x Normal Female - 1971-1972

n

Oﬂe hundred and twenty six adult Scottish Blackface ewes were run at
grasa with two vascctomised tups wearing "sire-sine'" harnesses.
(Radford, Watson and %ood, 1960) The ewes were gathered daily at
9:00 a.m. to checlk which animals had bheen marked by the vasectomised
tups, indicating that they were in ocestrus. . The marked ewes vere
removed from the general fleck and introduced singly to onc of the New
Zealand Romney rams.  The ewe number, ram number and ram tupping
behaviour were noted. If the ewe did not standé for the ram she was
held until he obtained intromission. After tupping the ewe was
returned to the main flock. The colour of the keel carried by the
vasectonised rams was changed at 16 day intervals to detect those ewes

returned to service.

2) Hdeterozyoous Made x Norpal Femsle - 1972w 1073

Fincety-three Scottish Blacxface ewes weres run with the four Yew Zealarnd

lomney rsms., Rams 6169 and 769 were running at grass, 7363 was housed
in deep litter and 7969 was in a conecrete yord, ne rams vore "zire-
sine'harnesses and the keel was changed for one of a different cclour
at 15 day intervals over a period of three oestrous cycle lengtis.

Zach flock was gathered daily at 9:C0 a.m. 2nd the nuwbers of the ew.:s

newly marked were noted,

Porty-tinree of the eves were alloved fo procecd to lawmbing and the

<

remainder were ussd for blastecyst collection. (See Section II)
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3) Heteromyoous Ynle = Yormal Temale - 1675-1574

.

Sixty-nine OScobttisn Bleciface cwes were bhought from the livestock
market and divided at random into two flock..  Cne New Zenland Romncy
ram, wearin, a "sire-sine' harness, wos run with each [lock, The
flocks were gathered Gaily at 9:00 a.m. and checked as deseribed for
previous yeurs. The fiwrst 57 ewes Lo be mated were used fonx

~

blastocyet collection and of the remaining 12 cwes only six wvere mated
by the raoms. These six eves were allouwed to proceed to lambing. ihe

remsining wnmarked eves were considered barxrwven and disccrded from tihe

experiment.

In addition one crossbred ewe, wilh a normal karyolype of 2n=54X4 was

tupped by a Iov Zealond Domney -waw and allowed to groceed Lo lambing.

A Tt N owesaaan T EL oy T A
f-{-) LL2LCTORN TN ol ow Hoetorc

Al thoe enc of the firat breedin, neoson there were 13 ewe lawbs and
T AT N 1‘:“}‘ S byt et a L‘ ol s a7 b ernatano B0 g0
BEYCN X3 Llégabhs DREUCrol)y ,0us Lox LLe JAadsey L whansaolailon.
were allowved to run togetiier looss, in 2 covercd yard, threushout ithe

zulmer, wicbeor ol opnl

I the sutuny ol 19777 nine of thal yearts cwe lambs; nelerczygovs for

e ""3

4 AT e 1 - I LT 3 T U . ey S
tha Masoey I tronslooatlion and ihrer neterunyoons hejs Tern an LETE
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In particular, care was teken that mismothering was avoided. In the
first year o rough estimate of birth weights was obtained by weighing
the lombs as goon as pessible after birth.

%+2.3, Leucocyte Cullburss

i

Blood samples for chromesome analysis were taken from fhe four New
Zealand Romney rams, all the lambs surviving for more than three weeks
(173), frow 39 Scottish Blackface ewes, 1 Scottish Blackface ram,

4 Finnish Landrace ewas, 1 Border Leicester ewe and 1 Border Leicester
tup. Only a random sample of 39 Blackface ewes was screcned becauss

of limitations of time. A whole blood culture technigue, a modification
of that described by Basrur and Gilman (1964) and Bruere (1968) was

used.

%.2+4. Tegtes Ixamination

In order to assess thce incidence of "hour-glass' testes, and any other
k]
grose morxphological abnormality the testes of the ram lanmbs were

palpated periodically and a subjective ussessment nade of size aznd

morphology.

%¢24¢9%. Bone Morrow Cultures

. In an effort to znalysc the karyotyye of 211 the offspring of trans-
location heterozygotes, hone marrow culiures were attenpted from the
two foetuses of the dead cwe and the two aborted foctuses,

Z S
30:):: a"l.n:“« LT\J

Al Tupving Dehavicur of fthe lams

N

In ‘the first breeding senson, Ram 767 would not work in the preseucc
of an obzerver, However, in the sceond and thiyd breeding seusons,

when he was allowed to run ot pasture Jith & floek) his performance

-
o
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was sabisfactory.  The other throe zreams (6109, 73069 and 7963) had
slwilar tvppin, behaviour to nornul rams. 4t no time during the
obgervalions, eilhor in the pens or wit) the ewes al _rass, wag the
necl-tupping benoviour observed as described by Bruerc and Mille (1971).
These workers recorded one rasf, heteroznygous for the Massey I
translocation, as persizlently attenpting to mount the ewe from the

agide and towards the anterior part of the neck.

30302, Pertility of thie Qans

fherc was no evidence ihat ewes uabed to roms heterozygsous for the
Massey I translocation had ,rolonged or irregular osstrous cycles,
indicating eurly eubryonic death, in the ceacon 18972-197%, of the 43
ewes left to procecd to lumbing, 42 held st the firel csrvice aad the
remsinin, cwe held to tihe second service. “he inﬁcruaesﬁral period in

this anizol was normal for the specics, belyy, 15 fuys.

he lawbs produced frowm each rawm over the thvce yesrs pivlod are

sunmarised in Teble Vi

Chromosome anolysis wos wmade on blscd seup.en fron 29 Scobilel

¢
§i
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be feriile. A total of 35 Suffolk x Scetbtish Blackface lambs survived
until old enougn for karyotype analysis to be wades Al)l had & diploid

nurber of 2n= 54 (Table XXVI).

30%ede Lambin:s ite:ultg Heteronyooua Mole ¥ Nopmal Feumale

In the firvet year's breeding programme, of the 126 ewes only 50

produced lambs gired by a New Zezland Romney ram, Since all the
Suflollk-cross lambz were found to hove o norual karyotyge of 2n=54 they
are excluded fror the ensuin, discussions. ALl mention of laabs
henceforin, refervs to those lambs sired by oune of the LReinney rams,
hetverouygous for the Massey I trenslocation, wnless speciflically stated
otherwise.

a) Lombin Pergont s 2

A total of 100 =wss was fup,.ed ol which 24 cved producad a total of

&

123 lamhs {Tehle VII).  This gave an avecege lambing percentsge of
150:%,0 celeoulated from the muzber of cwes lawbing o L2730 for eves

Lupped, witin LT, lanks woeoned per gwes Lupred.

P TR T R SO S T A
b) Abortion und B5ilibiclns

O tie 10U eves tupreb, 93 plroduced live lambos GF che other 7 two

Lwins,

ewes loat bholr Soabo el partocition, b1 edo, wideh was cain

cied cuaing pregiercy, 1 ewe produced stlllvorn twine = full terw
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the mean birth weights of the males (4054 p 1.14 kg) and the females
(4020 T 1.13 kg) (& = -1.1688). In addition, there was no
statistical difference between the average birth weight of lambs with
normal karyotypes (4.45 A 1.26 kg) and those heterozygous for the

Massey I translocation {4.25 e 0.97 kg) (t = -0.6315),

d) Sex Ratio

Over the three breeding seasons a total of 123 lambs was born, of
vhich 59 were males and 64 werec females {Table VIII) with an overall
gsex ratio of male:female of L:1.08, This was not statistically

different from a 1:1 ratio (x2 = 0.20, P> 0.5),

e) Translocation Segregation

Sixtyfour lambs were born after the first breeding season and of these
five died before successful chromosome analysis could be made. Three
were males and two {emales. All the lambs in the second season were

successfully analysed bult one fewale lamb died in the third year hefore

chromosome analysis was carried out,

A totsl of 117 lambs wag analysedo Forty-nine were balanced
heterozygotes for the Massey I translocation with a dipleid number of
 2n=53 T, Sixty-eight animals had a normal chromosome couwplement with
2n=54. No lambs were born with an unbalanced karyotype. (Table IX).
The difference between the number of chromosomally normal offspring
and halanced heterozygotes was not statistically significant

'(xz w 3,085 P30.,05). The difference between the number of male (22)
and female heterozygotes (27) was not significant (x2 = 0.172;

P 30.50),
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) Testes Exoaination

A total of 5 raam lambs was boin dwing the three breeding seasons of
which 56 survived beyoqd the first few days.  QOne ranm, Flllo a
heterozygous carrier for the Massey I translocation was found to be a
unilatexral ecryptorchid. Ine left testis wos descended into tne
acrotum and was of n&rm&l size and firuness The cauda epididymio

was easily palpable and of a normal firm consisteacy. o right tostic

was palpable either within the serobtum or at the external inguinal rirg.

Yo testicular amoruwalities were found in any of the remaining 5% ram

&) Bone linyrow FPreparations

Bone marrow cultures were set up from the twin laabs reuwoved from the

eve wolch died, but no metaphase chromosomas were founds

343.5. Lombiny Hegulta. deteveny ows ial: 3 Jdoterosyssus romule.

a) Sex _datio
\

A botul of 14 laske was producsd from the crossing ol heilelozZyscul mal

and heteroszyooug fanaies, o0 which T wers male snd 7 faaslic.

b) Trcasloer bion ceprziation

C0f the 14 lawbe, twe were late aboried foatues and 1 died ot

parturivion, all thzoeurvivirg laabo were blood tuzted for snuoiiosoue
. 7 - Y . - . PRI
aaalysis. (fable L) Were wac un overgil defliciency ol lnwos

CArLy Liy She troasloczbion but e fijures vore Loo wrull Lo he
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shortly before full term. (Date of tupping was unknown.) Hovever,
these were probably post trauma abortions since the animals had been

trangsporied and dipped a few days earlier. A third lamb died at birth

-

due to malpresentation and cesrvical constriction of bLhe éwes

d) Bone Marrow Prsuarations

No metspnaze spreads were observed from the female Toetus aburied by
the neterozycous ewe. Two metephase gpreads were observed from the
male aborted foetus in whioh two translocztion chromosomes wers visible.
In one cell the chioncsores wore not sufficiently spread to count but

the other was diagnosed a S52XY T+ (Figure 16)

e) deztes Zxanination

¥o abnormalities we=re debected in the testes of any of the 7 ram lambe

after manuzl examination. :

3.4, DISCUSEICN

3edele 2uasey I Lranslocation and Male Sterility

It had bean oviginally postulated thal bhere may have beoen sone
association betbwesn aeterozygosity for the Hassey I trsozlocation and
testicular abnormality, in particulsr the "hour-glass” tesbis. (Brusre,
1969) The relaztionshiiyp couid nol nave been 2 siople one since Lhe
dbnorli*lbj wis not found in every heterozygous aninal and one ram with

P Tpmmns v d 0 E BT L b E ~- hl -
a normal Zaryoly e was found width the abnowrmel testes, (Bruere and

Millse 1971)

The results in the nresent work did not support the vicew that

+

hetercsy sosit, for bhe MHacs I tronslocotion was rolatlosl inoary vy

10,



to tecticular abnorcality. L total of 59 raim lawbs ware born during
the three breeding seasons as a result of heterozysous male x nornal
fewmale matings, of which three did not survive beyond the first few

days. None of the 34 rams with a normsl karyotyre (Qru 54XY) nor lhe

22 rams heterowygous for the lassey I translocation (2n= 53XYT+) Lad an
"hour--glass" testis, A1l but onc of the ram lambzs hod normal genitalia.
The exceplion was ram Fl 110, a translocstion heterozygote (Pigure 6)
which was also a unilateral cryptorchid. This animal is discussed

below.

Bruere and Mills (1971) suggested that the norociation of testicular
abnormality witia heterozygosity for ihe Massey 1 translocation was a
chance phenomenon or a gene effect with the fortuitous sssocintion of

the "sterility gene" with the translocation chromosome. They

postulated that gene interchange a1 meiosis between the translocation
chronmosone and the scrocentric homologuas could confer the "sterility
gene" to the acrocentric caronosome. dence a cytogeneticelly normal
lese™ testin. An extension of thio

animal could develop an "hour-

Pl
o

hypothesis is proposed by the present author.

The condition may be due to & "sterility gene" which is a simple
recessive of low freoquency in the genexal population of Few Zealand
Romney shecp. It is further su,zested that the gene is located on
one of the chiomosomes involved in the Massey I tronslocation.
Translocation heterowygotes would, therefore, be autom=-tically heter-
ozy,ous for the stexrility gene. il these animals were cressed with
a oytogenetically normal animal corrying the sterility gene on orne of
the acrocentric chromosomes the translocation heterozyrous offspring
would be the only cnes to be homowylous for ine sterility gene.

Hovwever, if the cylogeretically noxmal purtner did not corry the pene,



none of tho offspring would be homovygous for the pene and so the
translocation heterozygotés would be morpholo_icully noraual. It weuld
still be possible for oytogenetically normel males to beccne homozysous
for the gene (if they inhorited the gene on acrocentric chromcsones
from both parents) but the chances of them doing s0 would be less thun
the chances of a translocation hetcLouywotc heing homonyous for the
EENES, In conirast, translocation homozysotes would ke homozypous for
the sterility gene and so have ebnoimol testes.  Bruerc gi nl.,(1972)
roported finding wmales homozysous for the llmscey I translcention buv
did not comment on lesticular morpholegsy. Io the prerent work the
single homony _jous animal, P ;200 showed some dejron of poumetogenic
avrest in both tostes. (See Section IV)  Houowygsous andrels have boca
located in Dev Zealand with similar testicular abnormaliticu., (Drucws,
1974, pgrsondl comuunication) This do dnteresbing in Lo Jicht i due
current toeories of centric sion translocation formation. {Dersucon-
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30delo Massey T Translcoention and Crenbtorchidism

tam Flllo vas o unilateral cryptorciid. The left testis had dewscended
into the ssrobum ond the rijat was located at laparctoemy at the
internal ingcuinal ring. | Flllo was also heterozysous for the Massey 1
translicceation having received the translocation chromosome from the
sire, 7363. Twe of the heterozygous snimals examined by Bruere and
Mills (1971) wers olso unilateral cryptorcnids and the (uestlion arises
whether there is an association between heteorozyzosity for the Massey I

translocation and cryptorchidism,

Unilateral and bi-lateral cryptorchidism is known to be an inkerited
condition (Warwick, 1931) aad hac been shoun to be esscciated with

vy

pollednees in Merino rams. (Dolling and Brooker, 1964)  dhe method of
inheritance is still not fully understeod. However, a recent
investigation (Claxton end Yeates, 1972) suygested that the condition

was czused by an esutogomal rececsive gene rather than an autosomal

dominant with inccmplete penctrance.,

In order to demonstrate an association hetween crypliorchidism and
heterovypoeity for the Massey 1 translocation it would be necessary to
show a higher incidence in the latter Zroup. This has not been shown
by other worlers and the fact that the only unilateral cryptorchid
animal in the present prosrzicme was also neterozygsous for the Massey I
translocation was not in itself sufficient evidence to suggest a

relationshipy between the two.

Bodedo linssey X Trzuslocation and Tuwnsins Behsviour
There was no evidence in any of lhe heterozy,ous rams run with the
eves of the "neck-tupping' behaviour described by Bruere and MNills,

(1971)c Since szuch behaviour has been decceribed in only one animal
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heterozycous for the Massey I translocation it seeme most probable
that this was an individual trail and urascociated wilth heterozygosity
for the translocation. Sueca behaviour is not uncommon in sheep in

New Zealend. (Bruere, 1974; personal communication)

Zedods Massey I Translocation and Pirth Vel ht

It is known from studies in man that offspring with chromosonal
abnormalities tend to have a decreased birth weight. Chen, Chan and
Falek (1971) found that both males aend lemsles with an extra X
chiromoscae and X0 females had lowsr birth weights than the normal
population. More interestingly infants trisomic for chromosome 21,
13 or 18 also had lower birth weights. (Haeye, 19€7; Chen, Chan and
Falek, 1972) Detinates vwere made of the birth weights of lawmbs born
in the firet lambirg season with a view to determining whether trisomic
lambe, if produced, would have o lower than average birth weight.
Howevery, the recorded weights were not birth weights since some lambs
were nolt weighed until after they had their first suckle. This
producced such a wide variation that comparison of normal and balanced
heterozyious offspring became meaningless. Prue birth weights could
only have been obtained if the ewes had Veen cbserved for 24 hours

Y
daily and this wac not practicable. Wo useful conclusions can be
drawn, thercefore, from the data obtained in this section regerding

comparative birth weights of cytogenetically normal and heterozyjous

lambs,

3efeDHe Massey I Sranslocntion ond Socundity

In the tobacco mouse x laboratory mouse Fl hybrids, males heterozygous
for the seven centric fusion translocations have been shown to have a
reduced fecundity. (Gropp, Tettenborn and Lahwmann, 1970)  Even mice

heterozygous for a single tobacco mousc translocsation chromosome
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showed a higher frequency of uygolic loss than controls. (Cattenach
and Moseley, 1973; Ford and Evans, 1973) Hvidence from oiher centric
fuglon tranclocations in the mouse precented a similar picture of
reduced litter size in females mated Yo hoterosygous males. (Evane at.
al., 1967; Vhite and Tjio, 1967) The present work was carxied cut in

an attempt to establish whelher a similar phenomenom occurred in sheep

heterozygous for the Massey I tranclocation.

the overall lambing percentage [rom heterozmygous males x norzal females
vas 130n9ﬁ caleulated from the number of ewes lambing or 123,07 of eues
tupped. This was comparable to the lambing performance of Scottish
Blackface ewes kept under similar conditions ot the Glasgow Veterinary
School in previocus years. (Hignebt, 1974; pcrsonal communication)
Whilst the number of animals is conoede@ to be low it is still possible
to conclude that the Messey I translocation was not causing e marked
deviation from the expected lambing performance, Furthermorve, evidence
from tupping data, stillbirths and abortions showed that there was not
unusual enbryonic loss during gestation. One ewe produced sbtillborn
twing, three ewes of the 100 ewes tupped were found to bve empty at terw
arnd only one of the 43 eves failed to hold to the first service and che
held at the sccond service after a noramal inter-ocestral period. This
was well within the estimates ol normal prenatal loss in sheeag, (Edey,
1969), and oo it seeas lhat the reduction in focundily observed in mice
heterozygous for a centryic fusion tramslocation did not occuxr in shecp

heterozysous for the Maseey I truanslocation in sheep.

The nunber of lawbs resulting from helerozysous male x helerosygous
fewale matings was tco suall in the present projramme to Cerive

statistical inforuwation on such malings.



Good evidence ol the cffects.of heterozygosity for a centric fusion
translocation in other specios ig limited to man and cattle. In men
it has been shown that the frequency ol szbortion in women heterozygous
for a DqGq translocation was slightly higher than the sbortion rate in
normal wouen.{idanerton, 1971) Thus in man, female heterozygotes
showed a slightly roduced fertility. In cattle, Custaveson (1509)
found a reduced fertility in daughter groups of hulls heberczygous for
the 1/29 translocation compared to dauchter groupe of normal sires.

In his survey the deughter groups of 3 out of 10 heterozygous hulls

showed a

]

ignificantly lower conception rate at first service than
normal sires. The weighted wewns of conception rate at first service,
56 and 27% day non~return rates of deughters of translocstion

heterosy sous sires were alco unfavourable comparesd to dsughters of
normal sires. Gustavsson suggested that the difference vas dus o an
increased level of ewbryonic death in heteroszygous females because of
the production of zygotes with an unbalanced karyotype. This
hypothesis was supported by a later curvey whicn showed that there was
a higher incidence of heterozygeus females in a group of repeat
breeder heifers than in the population az o whole. (Gustaveson, 197ie)
It seemz, therefore, that in cattle, as in man, there is some
reduction in the fertility of the heterowygous female. A very lixmited
breeding programme in moats hezerozygous for o centric fusion
translocetion sugoested that in both neramal mele x heterosygous femsle
and helerozygous male x normal female matings the proportion of
multiple births was lower than normal.(Padeth et al., 1971)  Becsuse
of the small numbers of animals involved in the prazsent investigzstion
there was no infermacion aveilable on the fertility of fewmales
heterozysous for the Massey I translocation. Jowever, nore

extengive breeding progranmes in Naw Zealand have ailed to chow =y

reduction in fertility din faemale heterconysotes. {Bruere, 1274,
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personal communication)  In this respsct the Massey I trenslocation
would appear to behave differently from the Dilq translocation in mon

and the 1/29 tranclocaticn in cattle.

Ag discussed carlier, fertilit by of males heterozyocus for the Massey I
trenslocaticn was found to be unimpaired, This was alao the finding

in men heterozyg;ous for the Dgbg translocation (Hzuerton, 1971).
However, pernasps figures in man have to be regarded with caution cince
it would be difficult lo zncertain the rcsult of every mating of tae
Malee Yo evidence of a weduced fextility in bulls heterozysous for tac
1/29 translocstion has been publisued but Gustavssen (1973) menticned
unpublisbed data purporting to demonstratc this point. If this verc o
be so, then lhe Masgey I trenslocation in sheep éiffers from the 1/29
tronclocation in cattle, the only other large dowmestic animal in whica

o

centric fusion translocations have boen studied o“uoqgivelyo

Folebhe Searesction of Maszsey T Wrarncloeantion iv e Pall WDewn Offenyins

Phe mest lnpertont finding was the absence, in offspring of heterozygouc
male ¥ norwal female, of

lambo keryotyped (117) had o normal or bolunced irsnslocsiion karyolygc.

However sin of tus 127 Jawns aled Belore chiromososne aaalysis wag
carried oul wund i1y couldd boe argucd that eome nay hove had an unbalsncod
Ravyotype vuich jredisposed to early post natsl destin, In oan, toc

incidence of chromnosomne abnorwaliifics in perinztael deatos was ten tizes

that ol the nconabtul populution. Baudld and Bodu, 1974)

the veterinar,

Teuevery, the low reporied coses of
liveorature huve all Leen cesocicted wils corkoed phanotyce abnermelitico,
Five cases heve been reported in c-ttle (JTurzog ord doln, 10035 Mowd

ot iey 19C7; Uoln end Herwos, 1070; Lann ard Jehngon,

have beon o scoine ted




was identificd zs being triso

et_al., 1974) It

¢ for the D2 chromosomes. (Benirschie,

s unlikely therefore, that one of the unexamined

lambe had an unbalanced karyotyve.

Kan is the only

translocation carriers have

Population studies in cattle (Gustavsson, 1969),
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be expected to survive.

Thirdly, the difference may reflect a real difference in the incidence
of unbalanueq individuals. Indeed, in man, the incidence of

unbalenced carriers of DyDg translocations was nuck less than unbalanced
carriérs of Dqlq translocations. (Hamerton, 1971) This vas not
reflected by a higher incidence of abortion or etillbirths in Dqla
carriers (Hdomerton, 1971; Chanley, Christie, Fletchar, Frackiewicz and
Jacobs, 1972), so that the cdifference was presumably due to a
difference in the freguency of JQJacent segregation of the two
translceations, 1f such differences ocour with different tranclccoeriicns
in the same spacies, it 1s reasonable to assune taat tranélocaticnd in
different species will have different frejuencies of adjucent
segregations  The higher Incldence in wman, of live-born unbzlanced
translocation .carrviers, compared to other speciler is probably due hoth

to differences in fre uency of adjucent segrscation of trunslocaticn

t

chremogomes wid to differences in the viability of thc unbalancec

individuxls.

in bie preseat wozk, a total of 117 lamnbs fron heter "fgou_ taks X
normal feawale matings was exanined. Slxty-elgat had a nowmal

-\

karyotyye and 49 werc baloncel tranclccution’heteroszy obes. (Weble i)
. P, s e ;2 N
The diZference was nobt stoetiztically significant. (x = 2.00, & ¥ L.yl

Whoen the flgures vware combined with tacse of s compernble hrociing
programte in New Zealand (Brucre, 19745 fcrsonal»comuunication} There
waz i alwmost perfect l:lil:l seovogation wetio of lue Lizssey L
tronslocotion with sex. (able X1)  She segruiation data, togebase
with the findings in pre-implontstion blastogy il difCussud ih

section IX argues sircugly agsadinst lus produciion ol zy,otes wita on

unhuolsnced raryotype. If they were holog forwed lhey would sitoes
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ave heun delected in the off spring er the pre-implantation blastoe,rls
or their abosnce, dus Lo early cubryonic dewth would have beenu

4

reflected by a dictortion of the segregation ratios.

In cattle, the segregution ratio of offsyring frowm males heleronygous
for the 1/25 translocation was also 1l:1l, noxical to balanced
translocetion carriers which ajoin suggests that no ewbiyonie loss wag

oCoUTring.

An appsrent excess of heterozyg ous offepring has been roported in goats
neterozygous for a centric fusion translocation (*adeh el al., 1971;
Popescue, 19722}, bubl the nunber of aniuals involved was too few for

definite conclusions to be drawn.

In man there was en excess of heterozygous offsprirg froxm heterozyyous

fathers, {(Bummerton, 1971)  Since trisomic offzgring exisct in man,

this sugcests that the monosomic zyoolos were dying in utero. Such a
situstion was indeed found in mice. Ford ond #vans (1973) and
Catitanacih and lMoseloy (1973) found tuat the moncsomic erbryos died
prior to implantation whilst scme of the ftrisomic ewbryous surviveld into
the late post-implantation ;erigdo Hovever, 1t vould not account for
an cxcoess of balanced heterozygous olfepring. This would suggest scue
ompetitive advantaze over karyolypically ncrmal offspring. To datao,

nan is the only species in which such an excess of hetesrosygous

offgpring have been chown.

3edeTe massey I Tr-nsloc ition ans fex gatio

Me overall sex rotio of 1:1.08 (rale:femnle) was nol statistically
‘e . 2 sy - e . ,
differeat (rom a 1:l rabtio (x° =020, P> 0.5) Bix luwbo died hefore

cytogenatic analysis was carried oud. Thrce were phenotypically



male and three phenotypically female co thelr looe did not alter the

sex ratio. Hor was therc a significunt difflerencce between the nurber
\ ;)

of male heterozyzotes (22) and fenele heterozygotes (27). (x%= C.172;

FY0.50) (Seble Ia),

Such an unbiaced disteibuticn of trauslocation chremosone with sex has
not beea found in 21l species,. Fopescu (1972¢) roported an exceuss of
male heterozygobes in tne olfspring of a goat with a centric fusion
translecabion, However, in thav work not all the offspring were
examined and of those fral were the nurboers were swmall so that it is
.pcsaible thai tuere woes an axtilicial bias.

In the mouse, uaics Debulciygove [oo bhoe PLG3H L:“ubﬁucatng ploduced
a-Siutisticuily sizuificcul excers of Lslowosyguur whnighbers,. (Zvans
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There were too few lambs produced as e result of heteros,gous male x

-

cterosysous lensle matings for the rosults vo be sltutistically

h
siguificant. One lamb died before chromosome znalysis could be nmade
and two were aboried. Seven of the remaining lambz had a normal
karyotype, three were balaonced trunslocation heterozygoles end one wos
homozygous for the Massey I translocation.. From bone marrow cultures
one of the aborted lambs was belicved to be o homozygote. (Fig. 16)

Yhe translocation scgregation ratic was therefore 3.5:1.5s1 (normal:
heterozygousthomozygous) . Kowever, when these recsults are added to
those from New Zealand (Bruere, 1974, personal connunication) the
ratios becowme 1:2:1 (Table ALI) co that apain there is no evidence of a

segresation distortion.



SECITON IV

STUDILT OF MATW PEIQSITS




IV STUDIES CF MALE MEIOSIS

4.1. Introduction

Spermatogenesis in the ram has been extensively studied hoth
quantitatively and qualitativelyq It has been shown that theoretically
one type A spermatogonium can produce 16 prirary spermatocytes, 32
secondury spermatocytes and 64 spermatozcas However, this

theoretical maximum is hardly ever achieved. (Ortavant, 19%58) In réts
.it has been estimated that there was an approximate 2Zu lose of cells
between late spermatogonial and advanced spermatid stages. (Roosena
dunge, 1973)  In rabbits, there was a 24w cell loss during meiobic
divisions, (Swierstra and Foote, 1963) whilst in man there was a 35
cell loss between prediakinetic cell stages and spermatids. (Bavr,
loore and Paulsen, 1971) Roosen-kunge (1973) suscested that this loss
served to reuwove gametes which were in some way uhsuitlable for the

bropusation of the species.

Fechheimer (1961) examined speruatogonia in mice aad found that the
incidence‘of polyploidy decreased as the stage of development nezred
maturity. A total of 4371 Qpe‘matcgonia were counied of which 31 (7.2,)
vere polyploid. Of 40 primary sperastocytes, nonc weve polyploid but
2% (5.7, were heteroploid.  Lin, TWsuchida and Horris (LO71) ewamined
melotic chrcmosomes of male mice, Theze aubhors found that G of
cells at pachytere were degenerating whilst only S0 of cells at
nesaphase I were dcgeﬁeratimg. The extenl to whica shromosomal
abnormalities were responsible for thsse loszes was not knowne

Popescu (L97la) exnained meiotic chrowosomes from sin jJenotyploally
norimel bulls and olihouln be dda nob quanbitebe tie [indings of cells

ot second wevaghace ho did Indicoale bat come ceila wewe noved wili

led
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21 chromosencs suggesiing that non-iisjuncltion was ocourring in the

. noriaal male. Guobavsion (1969) in = count of only 33 motaphasce II
cella of normal bulls found one with 21 chrouosones and thoew with

GL 151 cells from males hetercoysous for the 1/2§ translceation two nad
51 carowosoncs and 52 had 28 chromnosomec. wli originel study

(Gu tavsson;, 1969) Tound thnet males heterozyuoue for the 1/29 transe
location chowed no inpuirvaeut of fertility but wmore receutly

(Gustaveson, 1973) it was sugiested that there was o slight reduction.

‘ne problem of non-dizjutction associcted with centric fusion
translocations has been studied most extensively in liae wouce and in

. . N Ao PR} . PRI .
particular in tihe Sobacco mouse (dus goschiavinus) which is homozygous

for seven centric fusion translocations. The crouss of thne tobkacco

o + - Loy o . . 3 -
mouse with the laboratory mouse (s susculus) produces F

b}

which axe heterozyrous for seven dilferent centric fuwdlon trenslocstlions,

Htudies of male meiosis in thesz ¥

) bybrids (Lebbenborn ead Cropp, 1970)

showed that less than 000 of the secondury spermatocyter had the
Haero
regulsr halpedd numizyv of chiromosowms arme. Feulgen-Du4 weasurcnents
on morgholosiczlly normal speraatozos from F, meles showed s much
E

broader verdation of volues than ginilar wveasurements in elther the
tobacco mouse or laboratory moude. (LOfinb, Gropy and Tettonborn,

. \ - . - s e . . . . R .
1972) Z% seemed lixkely, laereflcres, tiat the majority of ansuplold

aconuary speriatocytes hud developed into umoture aud morhologically

- . e RN R : 32 - - B Y s -
AETMatoz00. Similor findings Jere reportad by Stolla an

foN

normal s
\ \ A ; N S .
Groppy (1974} In addition, tacsez cuthers found that norgaologically
albnorinal spermaloioa hod a higher wean DNa coutont and a laerier

i [}

standard deviation of DI7. centont tasn morphologically normal

[

Q

8LEIMAT0%0

.

There is evidence, Wherefore, both frow studies on melovic disjunclion



and from analysis of eurly emdryos {Gropy, 1971), that the wale F

)

hybride have a reduced fectility, dircctly attribuateble Lo thne

presence of the tranglcecuztion in ihe hetevosz)gous state. The effect

of each translocation on wvou-disjuncbion rates has been investisated

separately. (Cuttanzch and doseley, 1973; Ford and bvan., 1273, these

workers isolatsd all seven bobacco moucse trazuslecation melacentrics

and established them In homezyouc lines upon a predominuntly Mus

musculus  genelic backgroand. It was found thet tlnere were

gignificant veristions in the degree of non-digjunction at sccond

metapnase in mele mice, helarowysous for centiic fuvlon trunslocaticns
involvin, different chromosones. ik difflerence was alae reflecled

in tha nuaber of féetuseﬁ wiaicn Gled beflore full lerw in aeleronygds

male i noraal fenmsle matings. " ihe degree of wyootvic losy wao

depenidont upon whicu tranclcoution wus present dn tiw karyolyie of lae
glre. Cultanach and MHesely (1973) Tound no eviacucs of guuetic
election ageinst anouplodd cperiatcsva and Ford wrd mvans (1573%) cocwed
4 g0od coryeiation hebween huo porcentale of non-wlisjuncoion sl sceoona

metuphase'auu the peroenta,s pire- zid posi-laplentation losnese

Two wlher cenlric Tucion Tav e been davestigntoo in tuo

Gifferont stroling of micc. Yhe Jevel of nun~dicjunciion of both

tacoe tronslocutions wes Lo belovw thel 20 Sthe tobaccou wolse bisne-
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wore coundced fron 20 males, heterozyzous for tue tronslocation. 119
cells (59.5,.) had the noimal haploid number of n=20; 76 cclls (35.%7)
were balancod translocation carriers wita n=i19 M; one cell was

n= 20%; one cell was n=21; 0 cells were n= 19; four cells were n=18;
two vere n=17 and threc vere n= 13 . This coapares wita the rate
of non~disihunction of the tobacco mouse translccation chromosoms in
males heterosygous fox T4 walon averaged 29, 5. The lowvest incilence
'of pon-disjunction was associated with Té and wag 6.0p. (Cattanachk and

4

Loseley, 3973)

~
t

In man, inree different centric fusion trasslocations are knowsn but
significony inforeation on non~disjunction is limited to DgGg
ranslocations, e freguency oi unbalanced offspriig was only 2.4,

-~ . -, . '

wihen tho fobbher was helerozygouws for the DGy vranslocation, coupanrcd to

LQothe wirtio tho mother was tne hetcsonygote.

waantitative studics of aele wedonio 1 the
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ihe testes were rowmoved under local anaesthetid Pive millitres of
2% xylocaine were LHJQOtLh into the epidurnl space at the lumbar-
sacral junction and o further 2 ml. of xylocaine were injected

subcutensously under the line of ineicion in the scrotum.

4o2ole lielotic Froparations

Meiotic preperations were made using a nethod developed by Logue
(1973, personal comeunication) for use in the bull, This wag an

adaptation of the method described by Svans, Breckon and Ford (1964).

1) JTamediately after removal of the testis two long, thin slivers of
meterial were cul and one placed in 20 ml. of 10 (W/V) sodium citreate

and the other in 20 nl of 0.5 (W/V potassium chloride.

2) The naterial in 1% sodium citrate was ullowed to stand in a water-

-0 . . , . .
bath at 377°C for tean minutes before processing whilst the naterial in

[0]

X . . N
G50 potuesium chloride was used at once, The subseguent method of

processing was the sane for both asets of material,

3) Toe piece of testis was ,laced in & petri-dica with sufficient

hypotonic solution to cover the bottom of tue dizi and minced with fine

scissors for ten minutes.

4) Yore hypotonic sclution was added at intervels wnd the fine cell

suspension translorred bo o centrifuge tuve with a pipstie.

5) After ten minubtes of mircing all the cell suspensicn woc removed

to contrifuze tubes, The large jieces of toztis were dlscerded and

n

0, . .
the cell ouspension incubated at 37°C in a waterbath for ten minutec.
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6) Following incubution, Lhe cill suspension wue contrifuesd ab 500
rim for ten winutes. Thic precigiteted the largs cellular eloments

but alloved woot of the gperizlozoa to rewain in suspension.

7) The supernoiuont was diccarded and the cell bublen resusponded in
8ix times the volume of freshly made fixative (3:1' methanol tacetic

H

. o
acid) at 4 C.

8) Tne cell suspension was then placed n the refoigerster ab 47C fox

15 minutes.

¢) after 15 minutes tie fizubive was changed and the cell suspension was

returned to the refrigerator for a further 20 ninutes.

i—.-l
C
g
v
o
L
b
o
(o
e
s
—
jon

d change of fixabive, frech fixstive wes zlded al

iveesuler intervals

Ny § . e - N e -~ LR e I = e
11, Slides were usually preopsrcd aprroxinutsly 24 nowrs after the

beginning of the process,

12; Lsseseneat of comsletion of fixation wes made frem a saall zougle

of susponolon wiich was dropped on a cold slide and deled raygdldly in eix.
whie slide wWes stained in 1310 Gismse in water for 5 minutes, dried in
alr and scanned under the nicroscope, 1f tane chrouwosone worpncloly was
clear with 2 sharp outline, filixztion wus considered Lo be adegunts.

17) The slides were made by doopping z.pronivately o 2l of cell

A

suspencion onbto a clean, cold slide aud aeied rapildly in air,

14) Llides were staancd in 1310 Giewss in water lor five winutes or
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s
‘.J

aceto-orcein foxr 3 hrs.
15) The slides wowe sconned under the x10 lens and cells counted under
0il dmmersion. In the 2nd metaphuce figures each chrouosome,; rathor

than ezch chrcmosone srm, was counted so that thie nunber of

traaslocaticon bearing cells was knowne

4e2e20 Listolooical Freperalions

Samples vere taken from the testis, and head, body and toil of
gpididymis of each animal, fixed in Bouin's solution anld histological
preparations made in the usual way. Sectiong werce cut at Q/M and

stained in haemotoxylin and ecsin,

Ham Flllc wzs a unilateral cryptorcnid, the righl testis being
undescended.  An exploratory laparotomy wac carvied out and tne right
testin located ot the internzl inguinael ring. This testis wzs

reaoved, secltions cut and fixed in Bouin'a scolution and histological

gctions nade.

bede soudilly

ededo Groso lorticulanr Meorphology

Gross testiculur morpholuy, was normel in &1l undmale excest 7,200
&

In both testes ¢f this animal there were adhesions of the tunlca

’

vaginalis onvo the coudz epididymie (Figure w3) The adhesions

extended over the whcle of one nalfl of the surface of tiae czuda and

o

winen reflected the line of attbacinent ran dorso-ventralily.

Tore was ro evidencs of fibrous constriction of the tunica vaginalis
as described by Bruere (19€9) producing en "hovr-gluss' shapod testis

in either the heterozygous znimals or the horozygote.



4.30.2. Melotic sludies ol o Iormul Male P 199

N
i

Preparations in boba sodium cisynbe and gevassium chlordde produced

good puchytene; diplotere and dielinesic figures of first prophase, and
first and second wetaphuses fiéurcsq In wddition, o few épermhtogonial
cells at metaghace wore also 1uerL1x¢muo iguras alt leptotene and

zycotene could nct be identified with confiderce using this sethod.

Pachytone Jigares were most comaon and in each instoice tne sex vagicle

. i e \ - - ; " o
was easily ddentizied (Figure 24). It was not possiole to ideniily
indiviaual Bivaleats ab bthis stage.

9 .
.

Thirty~three ceile in late diplobenc or eurly diaskinesis weire salected

Rt

z& autosonal

photography and kavyoiyping. waen coll ccutained

ts plue tac ;,X bivalent wilon ves (dvays merkedly less durhkly

bavqlul
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e
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stained bhaal the other bivalenbe. Inaddiion, "tov 4/ Y bivelear coula

SLifiea by wesns of Abn clongoten cunfigusebion, indicaulng

[

he id

end-tou-cad acseciubion. (Figare 20) Lt was not possidle
by s nebvhod wolcon ened ¢f e s and U Chromooucd Wil GoS0Che Ling.
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figures

both an X and Y chromosomc. (Figure
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Preparations from the three other enimals, (F149 11015 F1115) were
suitable for =tudy. ”“0 n0st common eJements in material from all

the rams were cells in pacnytene of prophase L. Cells in late
diplotene aud early diakinesis each had a total of twenty-six figures.
These consisted of the elongated X/Y bivalent, taree larze bivalents
formed from the metacentric chromosomes, twenty-one bivalents similax
to the small bivalents of the acrocentric clhromosomes seen in the
Noriada. rani, F2199 and in addition, a large irresular-shaped element not
found in cells from F 1,,0 This elewment had a characteristic
morphology and easily ideatifiable as consisting of three caromoscics.
(Figureﬁil and 32)c ihis was considered te be a trivalont formed by
the translocation caromosome and the two acrocentric chioncsones,
howologous with thnose forming the translocation. A total of thirty-
geven cells in late diplotene or diakinesis were photographad and
karyotyped. The chiasmata counts for eacn cell from eaca cnimal axe
shown in Yables LI - LIILIT and the mesn chiasmata counts are shown la
Table ZXV. These were of the same order as chiasmata counts for the

norwal ran, M,199. At no time was there observed any association
Ve

(¥4

between the X/7 bivalent and the transliocalion srivalient.
totzl of one hanidred and sixty-thrce cells at second metayhase were
counted (”-blg “aVIA) and ninety-eight of these were othotogiapned and
ravyoty vedo diien resulivs fyom =21 three animals wers pooled toere
. . I - s
were 79 Y-bearing cells and 84 X-bearing cells. (Wable AKVIL) This
”
was not significantly éifferent from tne cxpected 1:l rutlo (X7 = G.1D0;
0) 20 that bhe presence of the translocwtion trivalent at

dizkinesis nad notv affected the se

(')

Lregation of the ifY bivelenio. Ho

- - . o ey ren T aean e e R v de o T ) A . Y ey
cells 4t secluaw msbtaphase were scen Wit Dobu an A aud a ¥ chg

The distribution of chroemvszone number for each cell counled is =aown



in Table XXVII. Eighty cells had the haploid number of n = 27

(Figure 33) and 56 had the haploid number of n = 26 which included the
translocation chromosome (Figure 34). Only five cells had the haploid
number of twenty-seven chromosomes including the translocation
chromosome. Four of the unbalanced second metaphase cells contained

an X-chromosome and on a Y. {Figures 37 - 41)

Of the balanced translocation bearing'cells, 31 had an X chromosome and
25 a Y, This was not a statistically significant difference from a
1:1 ratio (x2 = 0.64; P>0.%) so that there was no preferential

segregation of the translocation chromosome with sex.
A total of 66 cells carried the translocation chromsome whilst 97 cells
did not. This was a statistically significant difference

(x2 = 5.896; P »0.01)s

4.3.4. Meiotic Studles on a Male, Homozyzous for the Massey I

Translocation FEEOOo
The preddminant cell type was again pachytene of prophase I, Sixteen
cells in late diplotene or diskinesis were photographed and karyotyped.
Each contained 26 bivalents consisting of the X/Y bivalent, the three
large bivaleants cofresponding to the tgree metacentric chromosomes,
twenty-one small bivalents and a medium sized bivalent not seen in
either the normal male or the translocation heterozygotes (Figure 29).
This was considered to be the bivalent formed by the Massey I

translocation chromosomes.

Chiasmata counts are shown in Table XXIV and the mean total chiasmata
count in Tabkle XXV. This was of the same order as the chiasmata

count in the normal ram and the three translocation heterozygotes.



There were very few c¢ells ab second melsphase in these preparations,
This wmay have been parbtially o technical srtifact, wut in addition,
histolosiézl examinction showed poor spermatogencesic in a number of
tubnlies (see balow). Séventeen cells were counted ot second metaphase
(Table JLVIL).  Eleven contained an X chromosome and six a Y.

(Figure 29). This was not gipnificantly diflferent from a 1:1 ratio

(22 = 1.47; P> 0.20)e

doteBe Idstoloyicnl tramination of Testis »nd Bpididymis

-\1;_,,,\1_-' o ‘.:\ O
) Nornad ifnle, él._:,];mfj_

This aniwal was a year old, anl steges of spervalosenesis wer

&

identifiable in the testis and spermatozos were within the itubules of

i

the cuuda epididymis,

2) Mileo heterozy .ous for the Nassey I Tronzlocation

Rams 1,49 1 10L and 113 were approxiumztely twe years old. o gross
17 1 1 * v

abnoraalities were detected in the histology of their testes and esch

showed tubules al various stages of spormatogenesis. Han Flllo vas a
unilateral cryptorchid.  The descended lefi testis chowed all stzpes
of spermutogenesis (Figure 19) =zud tubules of the cauda epididymis were
pucked with spermatczoa. Histological examination of the cryptorcaid
testic revealed complete absence of spermatogenesis, The seminiferous
tubules were lined by a single layer of irregvlor shuwped cells with
large nuclel (Fiburo QO)a No epermatozoa were present in the cauds

epididymis.

Al

3) Melo, homozy -ous for the Mossey I Trenclocebion, 1200,
[
This cnimal wen o year old. Histoloey of the left testis showed o
(=1

nuaber of tubules with spermatogenic arrest. (Figure 21)

Sperwatogonia, Lypes A 204 B were identifinble as well ss primely
[ ¥ I d v
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spermatocyles but there were very few developing spermatids and even
* fever spermatozoa. Spermatouoa vere absent from the tubules of the

'Gauda-epididymis.

Fixation and cutting of the right teotis was poor but spermatogenesis
could be scern to be more active oud stages 1, 6 and & (Cole and Cupps,
959) of the seminifercus epithelium cycle were identified.

Spernatozoa were also present in the tubules of the cauda epididynis,

4o4. Liscussion
The technique developed by Logue (1974, personsl communication) for use
in the bull proved satisfzctory for the exzuination of male meiosis

in.phe rai.

4edel. Suermatosonisy

Mwo morghologically different types of diploid metaphase spreads were
observed. One type (Figure 22) closely resesbled tie metaphase

spreads seen in routine leucocyhe cultures. Tre chromatids were joined
at the cenbtromere and wa alisned in oarallei with eaci ctaer. | in
contrest,; the cecond type Floure 23} moce closely resembled the haploid

1iI. There was marked chromatid

o}

spreads seen at melctic wetaghas
repulsion, often to ithne extent of separstion at the centronere. It

has been suggested that these repressnt types A and B spermztogonia

[N

respectively., (Mebemnott, 1971)  However, it is possible taat the
suppossd typz & spermatogonia ware ia fact dividing fibroblast cells.
In addition, it is pecsible, altbough unlikely, tnut the type B
spermztogonia were Lwo hapleid cells intermixed, Althcouga in the
grezent prograume the totel number of Aijzloid celly worc nov recorded,
&1l those counteld had an LY sex chromoccune complements 17 ey weid.

vrvr A e e D g b myres a4t Yiew T et L S S P A B R ERRN
rundon assoclations ol hoplosd oelll it mi_nb bo sxpecied tiat an 4N
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complement would h:uve bheen ddentified.  Mclermott's hypothesis is
interesting in that if t&pe B spermatogonia do indeed have o different
chromoasome morphology at a mitotic metapvhase from that of type A
spermatogonia it would suggest that the mechanism instigating a melotic
division had already bhégun. The extengive chromatid repulsion,
characiteristic of chromosomes at meilotic metarhase IL has not been
observed by the yresent ouihor in any wmitotic metaphase chromosomes

other than the presumptive type B spermatogonla.

4.4.2. Yachysens

In all the ramz erxaminad there was an excess of cells ab pachytene
comgared to those at diplotenc and diakinesis, This was in accordance
with‘the findings by Loir (1971) that the stages ol diplotene and
diakinesis were very briel in the ram. Late Pachytcne sbtages were not
observed and identificstion of individual bivalents was not possible.
Such mopping of pechytene bivslents hes been posszible 1in man.

£, s e N
(ungerford, 1971

dedede wiplotensz rivl Dightinesis

~Chiasmata counts in cells from ram F2199 with a normal karyotype
(2n = 54xy) were in close agreement with thosé reported by Loir (1971).
The three metacentric chromosomes had between 4 and 6 chiasmata and |
the mean total chiasmata count for 33 cells was 54.31 = 6.40, The
total chiasmata counts for the three rams heterozygous for the
Massey I translocation were 56.36 ha 5.27 (F149), 51.78 z 4,67 (F1101)
and 59.42 ¥ 6.16 (F)113).  The total chiasmata count for ram F,200,
homozygous for the Massey I translocation was 49,73 z 6.27, There
was therefore no evidence from these data of reduced chiasmata
frequency in the heterozygous animals.

o Sur : : R S . o Y . N T
Tae A0 Mivalent ooty eloagalod wibh o osligle, end vo oend



association. I the rams heterozygows for the lussey L translocation
there was never con asaqciution betueen the sex bivalent and the
translocation trivalent. Lais confirued tne original suggestion by
Bruere {1969) ané 3ruerc and Chapman (1974) that the Massey 1
translocetion involved only aulosomes
The translecation frivalent had a characteristic shepe and was eaoily
identifisble. (FPiguves 31 and 32)  Bruere (1969) described thic zs
SINIARE
beiny sdmisds to the frying-pen formation in the mouse. (White and
Tiio, 1967) In the prescnt work the foruantion of 1he trivalent was
fre uently wore asymuetric than thot described in the mouse 2nd more
closely resembled the configuration in bulils hetevowymous for tas 1/29
tranclocotion. {(Gustavsson, 1969)  The Massey I translocation trivalent

f .

had between 3 and 6 chiasnata, indicating a high degree of crossover,

There was no twivalentv figure st diukinesis in ram quQO which hed two
translocation caromnosomes,  The two translocation chromosowres fermed
a bivalent in the normel wiy provicing furither evidence that P 20C wos
indeed hemozygous for the Massey I translocation and not heterozygous

for two diffexent translocations.

Lra 43‘ [} uf‘(‘Q]"\l 1ehe 1}3 SN

The dogree of nen-disjunction ab wetaphase 1 was assgesced by exaeiniiion
of the chrcmosome numver at metsphase IL.  However, interpretstion of
these resulis must be Zuwaricds in thac noiwal rom F,195 (
86 (8%e) cells had the diploid numver of n = 27, one cell contained
both an X and a Y chromosone and 26 autosones and one ccll contained

27 autozones plus an X chromosome,. Of the rewsining 12 ceilsy; 10 had
a votal of 26 chromosomes and 2 had 25, The tolel number of ancuplold

Al N
cells was thevefore 14 (Ldw). However, some of the Lypoucdol cell:

2]
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could be tecanical artifacts dus to loss of chrowmosomes during the
spreading process, A_oall with one extra chromosome was lecs likely
to have béen a technical axrtifact, Therefore, for the purpose of
comparison of neon-disjunction in normwal and trasslocation heterozygous
mzles it is proposed that the degree of non-disjunction be calculated
as followas~

Percentage Non-dicjunciion = No, of hyverdiploid cells » 2 x 100

. 0
Total Yo. ¢f cells counted

By this definition it is assumed that the number of hypohaploid and
hyperheploid cells were egual. dyronaploid cells in excess of the

namber of hyperhaploid cells are assumed to have been technical

artifacts.

The total level of non-disjunction in ram F,199 was therefore, 4.

One of the cells involved non-digjunction of the sex chromosowmes so thal
bhe level of non-disjunction of the autoscues was Qﬁo This comparcs
with the level of non-disjuncticon of 6,176 calculated for the three
rams, heterozygous for the Massey I translocation. {Table XXVI)  Tevy
few cells were avallable for counting at secound metaphasc in ranm F22OO
so that it is difficult 1o draw definitcz conclusions about the effect

of the Masscy I tranglocation in the homozygous state. However, it
would appear that rauns, heteronygous for the Mossey I translocation
had a higher incidence of non~digjunclion et meiovic mebtaphasze I than

the ram with the noramal karyotype.

A1l the hypomodal cells alsc coutsined a {translocation carcmocsoue.
4%

Identification of individual chromoscres was not pussible, =zo that “he

level of non-diciuncticn of the translocation chrowosomne nnd its
o



houoloszons acrocentric chromosomes is not known, However, an
indirect assessment can be made if it is assuned that the level of
Lon-disjunction of tne other acrocentric chromosomes was unaffected by
the translocation and rewained at 2, The difference in the level of
non-~di.junction of 4. l, between the normal aud heterozysous aninmals

was presuwably due to non-disjunction of the translocatvion chromosome,

When the results of other workers are compared using the above
delinition, the centric fusion translocaticn in the mouse describeod by
White and Tjio {1367} hud a level of aon-disjunction of 1,87, end the
T1631 (Evens et _slo, 1967) a level of 150 These were low levels
compared with non-@isjunction of each of the tobacco meuse tronslocabion

chwomozones of T, = 18,53 i2 B 4Dy wy = 165 T4 = 295y I5 = 3.0

T()- L2 6&0‘(;; :l‘,..{ ES 3:?0 ‘:I ( alltanach nud ‘*O:’Clﬁ}i 1){)/ It do O}J-‘Q'JOL’n.)g

[

therefore, tnat tlhere is considerable vervisticn in bhe rates of non.-

disjunction of different centric fusion translocauvions, 1t hae been
sugoosved Lhaet ue hign level of non-dicjunciion assecisted witia the

Lokacco moase L

s due not only o tae prescace of fow

ey

J Y < PPN SR ey Ao b3 I T . LY. . AT, [T R M S 2L ey
centraie fusion ticnsiccention tut aiso to the fool Hhot 44 is asn

)

ific cresse {Caltonseh and llozeley, 1977,  “heue zutlors

et the najor vart of the nomedigjanction wee dus to minow

.
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the centric fusion translocation. In view of the doubts expressed
regarding “he relationship beiween ceastrvic fusion tronslocabtions and
raised 1eyéls of nonmdiéjunotion, tuic is an important finding. More
extensive work on meloala in males hetercvyrous for the Maossey I
translocaticn, carviled out in New Zealand independent of %he present
wofk found o =imilar level of unon-disjunciion, (Chagman, 1974,

personal communicaticn)  The level is comparable to Ghat found in bulls
heterozysous for the l/“ﬂ traaslecation of 8.2 40 (Logue, 1974

personsl comuunication)

4: 4050 Terticvwlar orshol Gy

The sbnormal operaatorenesis and adhesicons oi the tunica vaginslis

found in boih testes of FZEQO are extrenely interesting. They may

have been due, as suggested in Section I, to homozygosity fer a
sterility gene located on one of the chromosomes involved irn the centwric

fusion transloocstion; or to seone homos,roslby 25 sugcesbed by Ferguson-

vt Loy ] - s .
Smith (1957, Eimilar abnoimslities have been found in rams
homozyzous for the sgey I translocation in Haw Zezsland (Druere, 1974,

.

persona] communicziion) so that the sscociation seems nct to be s

chance phenouncnon,

Homozygosity for a centric fuzion trunslocatlon in cattle (Gustevssorn,

~ A . £, . e - . .
1969) and mice (Bvans gv _23i.; white and Tjio, L96{) d4id not rceluce

s

Texrtilitcy. Chere is no evidence that howmonyiosity zer se in thess
NS
species dnvolver 2 reduclion in forbilidy. tioce nououygouws for the

Ib tronslocotion dil have o zeduced forbilivy. Irdzed, the
spermatonca counts of mice homozygous for each fLobscco mouse
transloanation was lover than normal controls., (CGattanach and Masely,

1973) Towever, this was considered to he due to the fact that the

tobacco mouse metacentrics were not entirely enuivalent to their



homologous Rouse souse acrocenlric chromoscles.

To zuamwmoryise, il has baen zhown thal malcs hetorozyoouns for the

=

Masuey I tranclocation havea higaer level of non-disjuncticn at meiodic
netnphase I than a normzi ram or one homosysous for the lassey 1

branslocation. It iz sugrasved that, nlike lhe tobacco uouses

metacentrics, the non-ddsjunction can be attributed to the )re1cpcc of

the centric fusion translocoation pex se and thet 1t is the structural

haterozygosity and not genetic differences that are important. This

ide

o]

a: dimportant difference from the two other wice centric fusion
tronslocations in which no raisod level of non-disjunction was found.
(Bvans el sle, 19673 white and Tjio, 1967) The level of non-
disjunction in the Maseey I hetercouygobes waz similar to the level in

bulls heterozyrous for the 1/29 translceation, {Logue, 1974, persconal

commuanication)
The effect of homozygzosity for tho Massey I wranslocation re uires
further investi_ztion,but it would appear thut there ore some

detrimental offects or fertility in some animols.

4odob. Tate of Unbolanced Secondary Suerratocytcy

It hes beon shown in this section (I7) thuat seccndary spermatocytes

3

were produced with an unbalanced haryobype in wmeles, heterozypous for

the lassey I transiocation. However, no pre-ismnlantation blzctocyste
B $ I3 -~ J
2 . . . 1 4 . -\ "
were found with a sinilar unbalance xaryotype. (Beotlon 1L, The
problen remzine, therefore; as to whether the unbalanced sccondary

gpormatosytes maturs aud develop into speraatosmos, capable of

fertilisatlion. e data are opeun to taree inlerpretations:

1) Unbalunced sceundury sperzatocybes develop into fully funciicnal
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Spirnabozor eogable of Tereilicing ova,
N e - p . . : .
2 Unealanc:d seccndory fpereatocytes develop into nature spernatozon
but these are inecapable of feridilizis, ova.
3) Unbalanczd cecendsyy sozrnatocy bes do nol develoyp inbo mature

Sheliig LUTOR.

17 iv ds azsumed that 1l ithe unbolanced sscondary soermabeoybs
satured aud thet’ the spermuiozoa with nn uabilauced karjotyse were
¢jually as capadble of fertilising ova ag nornal eprermuioze: thon one

vould sxpect 6.1%0 of the zrygoies o have an unkalancad kavyotype.

Lince there sas 12,70 end 27.Tp of the corpora lutea in the sscond and
buivd yeur recpoetively not seoounted for by bluclocystz and 21,820 and .
31.9%:0; collected Ylastocynts were undisgnosed, the failurc to datect

blusbocysts with an unbalanced karyotype cannot bLe tsken as evidence

. ,
for theiv nonzxistenca Siuilarly it would not be possible Lo
I3 4,

vtes matlurcd but

doucnatrste thiat the wibalunced secondary sperautocy

were incapable of fertilisation.

Tnere is evidence from the literoture that in come specler zueuploid
rernatocytes develop into wmoture gypermatorom.  In Drogouhils

nelanosaster spernatids will mature in the Sotsl absence of &
|

s

cClromosoene coéplement {(Lindslsy =nd Grell), 1968) and in the rabbit
(Beatty and Fechheimer, 1572) aud in cattle (Salisbury and Buker, 1966)
diploid sjpermatozoz hava been ideuniified in the e¢jaculzte. lowever,
there is no evidence regarding the fertility of the diploid

spermatozoa in cabtle and in the rabbit Fechheimer and Beatiy (1274)
considered il unlikely thaat the digloid spermatozon were responsible

for tae production of triploid sygotes found in thedr expericent. In

-
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contrace, the F1 hywrids cf Lﬁe tobaccu rovce 2na laboratory meuce, have
been shown by Feulgen staining (Doring, Gropp ard Tettenborn, 1572)
and UV Light (Stella and Gropp, 1974) to have ancuploid spermatozoas
These cusuploid spermubtonoa are known lo fertilise ove since
anbalanced zygotes huve been found. (Croyp, 1971 127%; Cattanaca and
loseley, 187%; Pord and Evans, 19'5) Similarly in man, individusls,
trisomic for cune of the chromosomes invelved in a centbric fusion
translocation do occure (ﬁamerton, 1971) 1t is poswible, tusrvelors,
that in sheep heberozygous foi the MHassey I translocation sowe of the

unbalanced secondayy spernatocytes may develop into fully functional

gpermatozoa.

the unbalonced sccoondary spernatocybtes did nov neluce to speruwatonss

[
3
o

but degensrated, this would have resuwlited in en incresse ir
degencrating cells beyond the secondary cpermatocyte stuge. qQuantit.-
ative counts of the various cclls of the lestis in histological scction
were not made in the present work czo that o 6. 1)ﬂ increase in the loss

of cells betusoen these stoges would not heave been deticted on routine

<

wornel

[

SOTeCNIl;. Jegeneration of aberrznt gametes is part of tho

3 — mr "l\- .. .
crperpatogenesis, (nOOuhﬂ”ﬂdﬁéQ, 1573, and servec tu gclect

o
-

process o
and reuwove ganclbes unsuitable dn some way for the propagssion cf the

speciens Sume or 21l of the unbolanced secondary sprrmalocytes in

translocation heterouysoles muey not, ticrefore, nolurs Lo sperratozoc.

It is not vossible from the presont datz, to determine the fate of the

unbalanced secondary spermatocytes. However, informrtion from the

- ] , . c o b b e n
literature cuggents btaut Uier: Lo a higa orobebility that wost will
degencrote but that toose whilca do ot will moluxs o sporuautezco

cyunlly coapsble of fertilicobion ae nomual Loermalovos.
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Another interesting finding was the statistically significant excess

of n = 27 compared to n = 26T+ secondary spermatocytes in the heterozygous
males. This predominance of the normal karyotype was not reflected in
the karyotype of blastocysts or live-born lambs sired by these rams.

For each set of data to be compatible there must either have been a

lower percentage of normal secondary spermatocytes maturing to

spermatozoa or the 26T+ spermatozoa were at a competitive advantage

in fertilising ova. Either circumstance would be unusual and a third
possibility is that in some meiotiec second metaphase spreads the
translocation chromosome was mis—interpreted as two acrocentric

chromosomes.

To avoid such mis-interpretations some workers count the number of
chromosome arms and not the number of chromosomes. This provides
information on non-~disjunction but not on the proportion of normal
and balanced translocation secondary spermatocytes, It was for
this reason that an attempt was made to count whole chromosomes in
the present work. However, in the light of the findings of the
karyotypes of blastocysts and live-born lambs, where identification
of metacentric chromosomes is easier, it is likely that the excess

of n = 27 secondary spermatocytes was a counting artefact.
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BECTION V

IDENTIFICATION CF THk MASSEY I

TRANSLOCATION



v Identification of the Masaey 1 Transiocation

5.1. Introduction

Early workers, using squash preparations from the testes or ovaries
found considerable difficuliy in determining accurately the diploid
nuamber of chromosomes in tho sheep. The first report of chromosome
analysis in sheep was by Vodsedalek (1922). He examined spermatogonia
and concluded that they contained thirty-three chromosonmes, He
postulated that there was a single sex chromosome in the male and that
two types of secondary spermastlocytes were formed. Cne had 16
chromosomes and the other had 16 chromosomes plus the sex chromosome.
He also examined cogonia and thought that they had 34 chromosomes.

this was explained on the basis that the female hed two zex chromosones
whilst the male had only one. Other early workers reported the
diploid number as between 50 and 60 (Krallinger, 1931) or 60 (Novikov,
18355 Bruce, 1935 - quoted by Melander, 1959}. The difficulty
encountered by these workers was due to the poor separation of the
chrorosomes obtained by the squash technigque and the problems which

then arose in distinguishing acrccentric and metacentric chromosomes,

Despite these limitatione some workers did describe correctly the
diploid number in sheap as 2n=54, notably Shivago (1930); Berry, (1938,
1941); Ahmed (1940); Makino (1943%) and Melander (1959).

Shivago (1930> exsmined cells from the amnion of sheep foetuses.

Berry (1938) was examining cheep and goats and their hybrids. He
collected the amnion from 30 day sheep eubryos znd found that the sheep
foetuses had a chromosome number of 2n=54 whilst the goat x sheep
hybrids had 2n=57. Early cmbryes from goats were found to have a

chromosome number of 2n= 60.
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Later work on cells from teaéed testes of adult rams (Berry, 1941)
confirmed the diploid number to be 2n=54. Berry (1941) desoribed the
three pairé ol metécentric chromosomes. The largest had the short arm
2/5 the length of the 1on¢ arm; the second metacentric had arms only
g8lightly unequal and the third chromoscme was somewhat smzller with
arms nearly equal, This description was shown to be remarkably
accurate by Bruere and McLaren (1967) who published the first idiogram
of sheep chromosomes some 26 years after Berry's description. Berry
(1941) was the first worker to describe accurately the diploid number
in sheep using testicular aaterial. Other workers, who had correctly
reported the diploid number to be 2n=54 had used the amnion as a

source of cells.

All the above authors agreed thut the Y was a small chromoscme but
Ahmed (1940) thought it had a subterminal centromere whilot Melander
(1959) thought it had a median centromere. The X chromosome was not

definitely identified.

It was not until 1964 that satisfactory metaphase spreads were obtained
of sheep chromosomes. (Borland, 1964) Borland examined bone marrow
cells obtained by sternal puncture from sheep vhich had received an
intraperitoneal injection of colcemid 20~100 minutes prior to collection.
His findings confirmed the diploid number as 2n=54 with three pairs of
metacentric chromosomes and twenty-four pairs of acrocentric

chromosomes. The Y chnomosome was described as small and dot-like
whilst the X was thought to be one of the smallest acrocentric

chromosomes.

The first description of chromosome analysis of sheep using lymphocyte

cultures was by McFee, et al., (1965). Their preparations indicated
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that the X chromosome was the largest of the acrocentric chromoscmes
and the Y was s smnll submetacentric chromosome, The autosomal
chromosomes consisted of three pairs of metacentric chromosomes and
twenty-three pairs of acrocentric chromosomes. This chromosone
complement has been found in a number of different breeds of sheop of
Western Furope (Bruere snd Mills, 1971).  However, it has been shown
that wild sheep in the eastern limits of northern Iran have a diploid
number of 2n= Y8, Those in the western regions have the usual number

of 2n= 54, comparsble to VWestern Evrcpean sheep. (Nadler et al., 1971)

Bruere (1967) noticed an increased incidence of anevploidy in
leuccoytes, with increasing age in the sheep. Five freemartins, one
aged 4 years, two aged 5 years and {two over T years weve found to have
an increase of both hypo and hypermodal cells as comozred to normal
sheep of less than 1 year old. A yound f{reecmartin only 18 months old
showed a modal chyomosome count near that of normsl young sheep so that
it was concluded that age was the influencing factor and nct the state
of hlood cell chimerism, Tt would be interesting to compsare youﬁg arnd
old "normél“ animsls to see whether this espparent age ansuploidy in
sheep can be confirmed. Age sneuploidy hzs been reported in man.
(Hamerton, Teylor, Angell, and MeGuire; 1965)
There has baen cne very interesting repori sugresting that there was a
sex dimorphisn in the lengths of some chromoscres of the sheep.

(Dain, 1972)  The 1oné arm of chromogome mumbers one »nd {uo vere
cnlculated to be longer in the male than in the ferale.  Tioin sugrestecd
that this might indicate the pressnce of mele determining genes on
these srae, which weuld be non-functionnl in the female. That part

of the ahromosowe would be more contrascted in the female comporod o

the male,
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No information was given on the age of animals examined. It vwould
have been interesting to know whether this was also an influencing
factor, More vwork is required in order to be certain that this is a

real sex dimorphism with no other contributary factors.

There have been only a few reports of chromosome polymorphism in the
sheep and these have been discussed in detail in section I. (1.3.8.)
Five unrelated sheep were identified witn a deletion of one of the
autosones. (Lurt, 1972; 1973) Four of the animals, two ewes and two

rams, were born with brachygnathia superior.

Three different centric fusion translocations have been identified, the
Massey I (Bruere, 1969), Massey II (Bruers and Mills, 1971) and Massey

IIT (Bruere et al., 1972).

In recent years identification of individual sheep chromosomes has

been attenpted by means of Q-bands (Hansen, 1973a; Schnedl and Czaker,
1974), G-bands (Evans et al., 1973; Nadler, Hoffﬁann and Woolf, 197%;
Schnedl and Czsker, 1974) and C-bands (Evans et al., 197%; Schnedl and
Czaker, 1974). The present work concerning the identification of the

Massey I translocation was begun befores these reports appeared.

5.2, Materisal and Method

Routine leucocyte cultures were prepared as previously described. The

air dried preparations were stored in dust-free boxes for between two

days and two monthsg before being used for G-band or C-band staining.
CHROITOSOIES

For C-band preparations, ehromesmes were paired by a subjective

assessment of length and degree of centromeric staining. Karyotyves

-were then prepared by arranging the chromosome pairs in order of

decreasging size. For G-band preparations, chromosomes with the same

b aad
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banding pattern were paired and the karyotype prepared by a subjective

agssessment of chromosore size,

5¢2.)1. G~band Preparationsg

G-band staining was carried out uesing a modification of the method
described by Seabright (1971). Slides were treated in a 19 trypsin
solution in Sorensen's buffer at pH 6.8 at 3700 for between 5 and 90
seconds. The length of time depended on the degree of digestion and
this was assessed by examination using a phase ceontrast microscope.
The slides were then washed in running tap water and stained in 1:10,
Giemsa: Sorensen's buffer at pH6.8 for between 1% and 2% minutes.
After staining thé slides were rinsed in running water, blotted to
remove excess water and allowed to dry in air. Permanent mounts were
made with DPX and a coverslip. One huqdred and sixty-three cells were
photographed using s Leitz microscope with an sutomatic camera.

Fighteen karyotypes were made.

5022 C-band Preparations

The method used was a modification of that described by Sumner (1972).
Slides were immersed in 0.1N hydrochloric acid at room temperature for
one hour. They were then rinsed in warm tap vater and treated with

2.5% (w/v) barium hydroxide at SOOC for ten minutes. It was important
to rinse well to avoid the formation of barium chloride on the slide.
Rinsing in warm water brought the slide to the <emperature of the barium
hydroxide solution and this avoided the precipitation of borium

hydroxide crystals onto the cold slide. After hydroxide treatment the
slides were thoroughly rinsed in warm running tap water and stained in

1:10, Giemsa: Sorensen's buffer at pH 6.8, for eight minutes.

Fifty-seven cells were photographed using a Leitz microscope with
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auntomatic camera at a magnification of x 140 with x 10 eyepiece.
Twenty-two karyotypes were made, seven f{rom a normal ram, eight from
rams heterozygous for the Massey 1 translocation and seven from a ram

homozygous for the Massey 1 translocation.
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5.3. RESULTS

5.3.1. G-handing

Pfeparations made and stored fer less than three days were very
susceptible to the affects of the 1% trypsin solution and were
unsuitable for use for G-banding. Even when exposure times were very
short structural disruption occurred. The chromosomes appeared
extremely swollen and *'ghost-like". Only their outlines remained
visible and no, o0» very few banding patterns were visible. The three
pairs of metacentric chromosomes appeared least affected in that their
banding patierns were more often distinguishable in these preparations.
Preparations stored longer than six weeksrequired progressively longer
exposure times to the trypsin solution and often only the centromeric
regions_were affected. The chromosomes failed to swell and the stain
attained a bead-like appearance aleng the chromatids. No regular

pattern was formed.

The best results were obtained from vreparations stored for between one
and four weeks. These were treated with 1% trypsin for between 15 and
25 geconls and stained for 2% minutes. There was conslderable
varistion in the effect of this treatment on different prepsrations
nade from the same animal at the same line and even on different cells
on the same slide. One factor conﬂistently.hoted was thal chromosones
on the periphery of a spread were least elfected by the trypsin and

showed less definite band patterns.

Of the one hundred and sixty-three cellg that were photographcd, not =1l
had ¢” =-» band pattevns in each chromosome but geveral homologous
chromosones could be identified from esch ccll, Certain chromoaones

had very dictisotive patzerns and could be ifdentified very easily.



These were chromogomes number 1, 2, 3, 6 and X. Eighteen full
karyotypes were made, four froa normal animals, eleven from rams
heterozygous for the Massey 1 translocation and three from the
homozys=ous ram. From the analysis of all tre cells exaﬁined a.
schematic representsation of tﬁe G-band pattern of sheep chromnosomes was
formed (¥ig. 45).  Centromeric vacuolation was a feature of all the

chromosomes except the X and Y chromosomes.

Chromosone No.l

The long arms showved tuo, broad, darklystaining bands. One was djust
below the centromere and the second two-thirds of the way down. In
well differentiated cmlls each of the«s bands could be seen to be

formed from two bands close together.

The short arm contained one brozd, darkly staining hand, two thirds of
.ﬁhe length frow the centronere, which was again formad by two thin bandsz

lying closely together.

Chromosone No, 2

The lon. art contained three equally intense bands. One wns just
boloy the c-nitromsere; one half way doun the arm and onc néur the free-
end of whe ehromatid.  Each band was formed frowm two thinner bands
close together, The short arm had two bandsg, one close to the
centromnare and one more dichtally placed. Both bands were of eguel

intensity.

-

The most noticesble feature of this chromoscme was the vevy darkly

gtaining baud on the long arm; proximnl 4o the cerniroaere, Thi
wag onite crorasteristic snd made the clhirorocsome ezsily identifiable.
Twn other, les: donsely nitained bands were preosent on the lono arn, ons

ir the centre sud oone near the distol end. Phs ghort #r1 heg throo



moderately dense bands, one close to the centromere composed of two
thin bands, a central band that secemed to be a single entity and s

distal band formed from two lines close together.

Chromosome No.4

This chromosome had a darkly stained band sh the centromere, two bands

centrally and two bands more distally placed.

Chromnosome No.5

This chromosome had a band at the cenfromere not so darkly staining as
that in chromosome number 4. The double band was closer to the
centromere than those in number four and distally only cne band was
commonly seen. Cells at early metaphase sometimes showed a pale band

very close to the distal end of the chromatid.

Chromogome 0.6

Chromosome number six was characterised by a dark band located one
quarter of the way down the arms. This made the chromosomec easily
recognisable. Mo further bands, less darkly stained, were located

distally.

Chromosomne No.T

This chromosome was characterised by a dark band at the centromere.
In addition, there were two sets of less dense double bands, one set

centrally located znd one set more distally placed.

Chromosome No.8

Chromosecme number eight was distinguished from number seven in that the
band at the centromere was not so wide as that of 7 and the two sets of

_bands were more centrally placed.
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Chromosome No.9

This chromosome also had a dark band at the centromere but it was
accompanied by a second thin band. In addition therc were two dark

bands approximately two-thirds of the way down the arm.

Chromosome No.1lQ

This chromosome also had a dark band at the centromere accompanied by a
thin band but the two additional distal bands were much closer to the

free end of the chromosome arm than those in chromosome number 9.

Chromosome No.1ll

Chromosome number 11 had only a single band at the centromere and two

bands approximately two-~thirds of the way down the chromosome arm.

Chromosome No.12

The characteristic feature of this chromosome was the darkly staining
band at the centromere. In heavily trypeinised preparations no further
bands were visible but in some preparations two faint bands were

vigible close to the free end of the chromosome,

Chromosome No.13%

Chromosome number 13 was very similar to number 10 except for the

smaller size and slightly thinner band at the centromere.

Chromoscme No.l4

This chromosome was characterised by a double band at the centre of the

chromosome arm.

Chromosone NWo,15

- This chromocome had a pair of bands at the centromere, a second pair in

the centre of the arm and a third pair at the distal end.
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Chromosome No.l16

This chromosome was similar to number 14. In addition to the central
two bands'there were two thin bands close together at the distal end of

the chromosome,

Chromosome No.l7

Chroumosome number 17 was characterised by two distinet bands close to

the centromere and two bands at the distal end.

Chromosome No.l18

This chromosome was very similar to number 17 except that the two sets

of bands were placed slightly wmore centrally.

Chromosome No.l9

Chromosome number 19 had the same banding pattern as number 14, i.e., two
dark bands close together in the centre of the chromosome arm, dbut was

distinguished from number 14 by its smaller size.

Chromosome No.20

This chromosome had three bands, one next to the centromere, one

centrally placed and one near the distal end.

Chromosome No.2l

This chromosome had one band at the centromere and one near the distal

end.

Chromosome Ne.22

Chromosome numbar 22 was sometimes difficult to distinguish from
number 21 in that differentiation depended on the extent of vacuolation
at the centromere. Both chromosomss had dark bands below the

centromere and at the distal end.



Chromosome No,2%

This chromosome had two dark bands immediately below the centromere.

Chromosohe No.24

This chromosome was difficult to distinguish from chromosome number 2%
in that differentiation depended on the degree of vacuolation at the
centromere. The double band was slightly more centrally placed in

chromosome number 24,

Chromosome No.2h

This chromosome had a dark band at the centromere and one nesar the
distal end of the chromosome. In addition, there was a faint band

proximal to the band at the distal end of the chromosome.

Chromosome No. 26

This chromosome had two dark bands placed centrally.

X Chromosome

The X chromosome was quite characteristic and had two bands close to
the centromere, a large, dark band placed centrally, and two dark bands
towards the distal end of the chromosome with a narrow faint band

proximal to the latter bands. There was no centromeric vacuolation.

Y Chromosome

The Y chromosome was such a small body that a distinct banding pattern
was difficult to distinguish. However, tnere appeared to be a band on

eithcr side of the centromere. There was no centromeric vacuolation.

By comparison witn this idiogrm the long arm of the Massey 1
translocation corresponded with the banding pattern of the chromosome

most freouently designated number four. More tentatively the short
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arm of the Massey 1 translocation was identified as chromosome

number 26.

593.2. G-banding

The hydrochloric acid and barium hydroxide treatment proved
satisfactory for producing C~bands on sheep chromosomes. All the
autosomes had clear centromeric staining but there was no evidence of
centromeric heterochromatin in the X and Y chromosomes, (Fig. 46).

The three metacentric chromosomes could be distinguished by the degres
of centromeric staining, Chromosome number one had only faint
centromeric staining whilst number two had distinctive blocks of stain.
Chromosome number three was intermediate between thesc two. It was
not possible to differentiate all the autosomes on the basis of their
centromeric staining but there were different degrees of staining in
the various acrocentrics, (Fig.46). Anglysis of the stzining pattern
of the Massey 1 translocation indicated two centres of staining, one
elther side of the centromere, (Fig.47). There was no evidence that

chromosome number 1, 2 and 3 had two centres of stain.

It was not possible to identify the acrocentric chromosomes involved in

the Massey 1 translocation on the basis of C-banding alone.

5.4. Discussion

5.4.1s Normal Harvotyve of the Sheep

The present work has contributed further evidence that the diploid
number of domestic sheep (Qvis_aries) is 2n =54. A total of 81 cheep
(Table 26) vnrelated to the four New Zealand Romney rams heterozygous
for the Massey 1 translocation, were examined and all had the normal
karyotyne of the sheep with 2n =54. There were three pairs of

metacentric chromosomes, 23 pairs of acrocentric autosomes and the X



and Y chromooomes, The Y cﬁromosome was the smwallest of the karyotype
and in good preparations could be seen to be metacentric, The X
chromosome was the largest acrocentric chromosome of the karyotype.

In cells at late'prophasé/early metaphase, distinct short arms were
visible and facilitated the identification of the X chromosomes. In
cells at late metaphase the chromosomes were more contracted and the
short arms could not always be distirguished. Identification of the X

chromosome in these cells relied on comparison of size alone,

When figures from the rresent work are added to thos2of Brueve and Milles
(1971) and Bruere et al., (1972) the total number of sheep studied is
geen to be 1,282 from twentyone different breeds. The number sampled
from each breed was small except for the New Zealand Romney and

Drysdale breeds.

Centric fusion translocstions have been reported only in the three
closely related breeds, New Zealand Romney, Perendale and Irysdale.

The Massey I was found in the New Zealand Romney and Perendale (Bruere,
1969; Bruere and Mills, 1971; Bruere, 1974, personal communication) the
Massey II in the New Zealand Romney (Bruere and Mills, 1971) and the
Massey III in the Drysdsle flock. (Bruere et al., 1972) These were
presumed to have arisen spontancously and spread through the flock by
genetic drift. It may well be that similar polymorphisms have arisen
in other breeds of sheep and remain as yet undetected. In farticular,
there is no reported survey of the Romney Marsh sheep in Britain, It
would be interesting to know whether the centric fusion translocations
vere already present in the British foundation stock or aroge during the
line breeding to develop the New Zealand breeds, If the centric fusion
translocations were to be present only in closely inbred flocks this may

provide an indication of the mode of formation snd possible function of
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such polymorphisnrs. More extensive surveys of British flocks are

necessary to determine the incidence of such polymorphisms in Britain,

54,2 G-Banding

Certain of the chromosomes of the sheep karyotype were more consistently
and characteristically stained than cthers. Chromosome number 1, 2,

3, 6, 7, and X could be distinguished easily in most spreads whilst the
remaining chromosomes required more careful comparisons. Chromosone
number one was characterised by the two bands on the long arm and one on
the short arm. The other metacentric chromoszomes both had three bands
on the long arm and two or three on the short. Even in early metaphase
cells, vhen each band was visible as two bands close together,
identification was easy. Chromosome number 3 was recognisable by the
prominent dark band just below the centromere on the long arum. This
dark band was visible even when thz band formation on other parts of

the chromatids or on other chromosomes was indistinct. Chromosome
number 2 was recognisable more by the absence of the distinguishing
features of the other metacentric chromosomes than by a characteristic
pattern of its own. It had two sets of baads on the short arm, as
opposed to the one on chromosome number 1, and the baﬁd beleow the
centromere on chromosome number 2 was less prominent than that on

chromosome number 3.

Chromosome number 6 was recognisable by the dark band one guarter of
the way down the arn. It was distinguishable from the X chromosome,
which it superfiecially resembled by the vacuolation at the centromere
and the position of the band. The X chromosome was larger than
chromosome number 6, the band was more centrally placed along the
length of the chromosome, there was no vacuolation at the centromere

and the short arms of the X were clearly visible in rost preparations.
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Chxromosome number T wag reooénisable by the dark band at the
centromere and distinguished from number 12 by the two sets of more
faintly sﬁaining bands. Chromosome number 12 had only one set of
paler bands located distally. Other chromosomes could bhe identificd
by comparison with the whole of the karyotype, Yor example, the
patterns of chromosomes 14 and 19 were almost identical but these
chromosomas could be differentiated because of their size. Similarly

chromosome numbers 17 and 21.

The greatest difficulty was encountered when trying to identify the
small acrocentric chromcsomes 22, 2%, 24, 25 and 26. Most of the
material at the centromere had been digested away leaving umarked
YacwoinTion
centroneric vaeudeltati-on. This left very little of the chromosome on
which banding patterns could be produced. Most of these chrowmosomes
had two darkly staining bands, one at the centromere and one distally
located. The distinction had to be made on the spacing of these two
bhands., Better identification of the small acrocentric chromosomes
was obtained when the cells were treated in late prophase/early metarvhase.
At this time the chromosomes were more elongated and so a greater
length was availlable for comparison. However, cven using these cells,
complete identification could not be made since the distinction between
the band and interband areas was not so precise and the position of
the bands was less easily defined. The Y chromosome could always be

distinguished from these small acrocentrics by the absence of

centromeric vaculolation.

Hence, whilst the long arm of the Massey I translocation was confidently
described as corresponding to the chromosome designated rumber 4, the

short arm was only tentatively designated number 26.
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There are a number of recent reports of G-band patterns in sheep
chromosomes. (Evans et al., 1973%; Nadler ef al., 1973; Schnedl and
Czaker, 1974) Whilét each was in broad sgreement with one another
and the present work, there were a few discrepancies. For example,
the present results showed that the X chromosome had a distinctive
pattern and was chéracterised by a prominent dark band approximately
half way down the long arm. Evans et al., (1973) and Schnedl and
Czaker (1974) reported similar findings whereas Nadler et al., {1973)
considered that the X did not show distinctive bands. This difference
may have been due 1o the fact that the last group of workers were
examining sheep other than Qvis aries. The kafyotype of a male Qvis

cansdensis mexicana (Desert bighorn) clearly showed that the X had a

banding pattern as described in the présent work, but that of Q.musimon

x Q. canadensis did not. In the latter karyotype, none of the

chromosomes showed very distinct banding patterns so that the absence
of a characteristic patiern on the X may have been due to inferior

preparations.

Al three groups of workers agreed that chromosome numbers 1, 2 and 3
vere easily distinguished and findings in the present work agree alwost

exactly with the description provided by Evans et al.,(1972%).

Classifilcation of the acrocentric chromosomes was not so closely
paralleled in the diffevent groups of workcrs. The dispsrity was not
so much in {the band pattern bgt vather in the desiénation ol the
chromosome number. Sinece allocation of chromosome number depends on
1he basic karyotype of each group of workers the discrepancies are not
surprising. The graduval recuction in size of the acrcoentric
chiromosemes in sheep mskes it difficult to number the chromésomes
coensistently. In the present work the long arm of the Mansey T

translocation was identified as chramosocme numboer 4 by compurison with
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the hasic karyotype. However, workcrs in New Zealand identified the
long arm as number 5. (Bruere, 1974, personal comemunication.) In each
instance the banding pattern was the same and identifieation was based
on different basic karyotypes. It is obviously necessary to have a
standard nomenclature so that confusion in the identificsation of new
translocations does not develop. In man,.such » standard has been
based on the Q-band pzttern and a similar standard could casily be
adopted for the sheep based on the work by Hansen. (1973a) Meanwhile,
if G-banding is to be used to identify chromosomal sbnormalities it will
be necessary to define the pattern of the normal karyotype with which it

is compared.

The systen of nomenclature adopted by Evans et al., (1975), vhereby the
sheen karyotype is numbered according to the basic karyotype of the
goat 1s considered by the present writér to be unsatisfactory,. It
implies too great a degree of genetic homology based on eimilsr or even

identical band patterns than is necessarily true and leads tc confusion.

5¢4e50 C-bandinz

Using a modification of the technigue by Sumner (1972) for the
demonstration of centromeric heterochromatin it was shown that all the
autosomes of the sheep had blocks of heterocinromatin at the centromere,
The X and Y chromosomes showed no such centromeric staining. The
metacentric chromosomes 1, 2 and 3 had smaller stained areas than the
acrocentric chromosomes and consgiderably less than thot in the Massey
I translocation, In some preparations the block in the Massey I
translocation could be seen to be formed by two stained areas, one
either side of the centromere. Similar double blocks of centromeric
heterochromatin have been described in centric fusion translocations in

the goat (Bvans et 2l., 1973), mouse (Chen and Ruddle, 1971) and man,
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(Niebuhr, 1972) In contrest, the 1/29 translocation in cattle had

only one block of centromeric heterochromstin. (Ponesou, 19733 Logue,
1974, personal communication.) These findings have always been
interpreted as indicating that the translocations with two blocks of
centromeric heterochromatin were dicentric and those with one,
monocentric, Relative measurexnents showing a statistical difference
between the length of "monccentric" and “dicentrie" chromosomes have

been offered as evidence of retention of the second centromere. (Niebuhr,
1972) DNA measturements have indicated that there is little or no loss
of DNA after the development of the seven pairs of centyic Msion

translocations in the tobacce mouse, (Mas poschiavinus) (Comings and

Avelino, 1972).

The gignificance of the differentiation wag that dicentric chromosomes
in animélm were thouzht to be unstable =nd therefore more likely to
vndergo non-disjurction at mejotic metaphse I. (Hiebuhr, 1972)

However, the evidence pointing to the presence of two centromereshas
been =il circumstential,  Crouce (1960) and Chen snd Ruddle (1971)
showsd thel centromeric heterochromatin was n separate entity from the
centromere and could be translocated to various parts of the chromoszome
without upsetting centromevie function.  Gimenez « Martin ot _21.;

(1965) dircussed the possible break peints in the eeatromere leading to

centric fusion translocations flone of those points dnvolved the loss

of paracentric material on tha long ara so that two blocks of

®

centremoric helerochraratin could be present lrrespective ol th
structure of the translocaitlon chromosome.

Sowa convineing pietures huve bheen published, notably by Cohen and

o and taborsky, (1971) showing

davreds (1963) and Subri,

presarptive diceniric, esntrio fusion Lrarolocations in man. Throe



had elongated centromeric regionc highly indicative of two centromeres.
Angell, Ginnnelli and Polani (1970)described three cases of apparent
dicentric ¥ chromosomes in man. Again the published photographs
clearly showed an attenuated centromeric region with a ceniral arca

clear of fibres,.

Therefore, evidence is accumulating that dicentric mammalian chromosomes
do exist and are ctable. Niebuhr, (1972) suzgested that the stability
nay be due to suppression of one of the centremeresby the close
proximity of the seccond. similar centromeric suppression has been
reported in plant dicentric chromosomes which werestable, (Sears =nd

Camara, 1952)

In the Massey I translocation, two blocks of centromeric heiterochromatin
vere visiblao but the centremeric reglon was not noticcalbly larger than
that of the melacentric chrcecnosomes 1, 2 and 3. By definition, the
centromaere is the point of attachment of the chromosoune on the mitotic
end meiotic spindle. (Rieger et sl., 1968)  Bajer (1965) showed that
the mitotic epindle fibres originated from the centromere it=elf and
extended towards the cpindle poles, Thus, if there were two centromeres
Loth functional, one would expect a double set of gpindle fibres.

Perhaps o more accurate assessment of the munber of functional centro-
mores in o centric fusioun translocation could be made by exumining the

spindle formatiore

Alternatively, electron microscope scanning would demonstrate the
arrangerent of {0 ehvomatid fibres in the centrorerice resion.
However, ihe interpretation of thn arvangonenit iz open Lo debate.

Barnicot, llis and Penrvos (196?) described » c¢entric fusion

[0}

ranclocniion in oa ehild whicn they considernd fo be diciatrice



Electron micresraphs of the translocation chromosome were publiched in
support of their conclusion. However, their pictures were very
similar to that shown by Comings and Okada (1970) as being the normal

quadripanrtite centromere of metacentric chromosomes.

In conclusion, whilst there is often circumstantial evidence, as with
the Massey I translocation, that some centric fusion translocations
have two centromeres, it has not been proven conclusively. Further-
more, in cases where a second centromere seems highly likely it is not
known whether both are functional. A better understanding of the
structure of centric fusion translocations would perhaps lead to a
better understanding of the likely behaviour of such charcmosomes during

cell division.
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Breed Author No.of |Ho.of [(No.of Tetal
ormal {Zetero- | domo-
Zya0wcalzrootes

To Montbeliaed| Fopescu (1971) 0|l 2 0 2

8., Friesian derschler & Fechheimer
' (1966) 3 1 Q 4
Harvey (1972) 25 0 ¢ 25
Fechheimer (1973) 537 0 0 527
Pover & Hasterson (1973) 1 ¢ 0 1
Motal 566 1 4] 567
9. Red Poll Harvey (1972) ? 1 e ?
Fechheimer (1273) 1 0 o 1
Totzl 1 1 0 1
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TABLE IV

o N . . e e [y . ;‘,'! -
Variationz of Cultare Medium for Chromesome Analysis of Px

Implantation Rlastoc sts - 1972-1973

Culture | gaazb | 10 iu Fen/ 0.024 iu g Colcenid

Medium Seran 10 2. Strep. i, wluiuaine
10 cos 0 + + 0.24
I0ces | © + + 0.40
10 ccs 0 + * 0,56
10 ces 20 + ‘ + 0.40
10 ccs 20 - - 0.40
10 ces 0 - - 0.490

TABLE V

Birth Weight of Lambs Born from Heterozygous Male x Normal Female

Mean weight of all lambs - = 4,32 z 1.13 kg
Mean weight of male lambs - = 4.54 % 1.14 kg
Mean weight of female lambs - = 4.202 1.13 kg
Mean weight of lambs with normal karyotype = 4,45 b 1.26 kg

Mean weight of lambs heterozygous for the

Massey I translocation = 4,25 z 0.97 kg




TABLS VI

Heterozy ous Male x Normal Fesale - Type of Offsnorince of Individuol Roas

Rams } Of fepring
|
! Hooof Single | No.of Single | No.of Setw | Totsl To.
;' Males Pemales of Twins of Lambs
l"‘

6169 é Tt 6 5 4 19

\ Normal p 9 8 50

PR

7369 {7+ 6 5 1k 14

7969 |1+ 4 2 2% 11

NWoraal 4 2 by 15

769 |1+ . 3 0 0 3

Nermal 2 2 ¢ 4

PABLI VII

Loambir. rforcentass, Jetorczyrous Mole x Formal Fonale

.7 e | T e T [P T LT . - 7 S o D e
Joenwes | Hoemwes | Doo.luwbs | Lawbing y age | Lawblng yo gg0
£y TV e R TN Y W el 1Ty AT - DT
Yea LU nad Lamnbog Lol udic 3Tl I SG ) £ Liis g liuili

1971~72 - 50 64 128.0

H

1972-7% | 4

1973-74 1 1

W
W
=3
N
£

1209 140.5

-~J

100,90 1000




TABLE VIII

detercayroug -le » Mormal Temale, Fhenciypie Sex Ratio of Lauwbs

S

Year Males Females Total Lex watbio
Teles Female

1871-72 31 33 64 1:1.06

1572-73 25 27 52 1:1.08

[
0
-3
N
1

-1
N
W
BN
-3
—

>

}_J

-3

i
Y

Potal &4 123 1:1.08

hS1
0

TABLE IX

Heterozywous Male » Hormal TFepale. Yrans’ocstion Segre.-tion in
(=] =)

’

the Offsoring.

Year saryotyee of GLlpring
2n = 54 n= 5% 4
XY AL &Y N

197172 18 15 10 15

1572-73 |13 17 12 10

5S]

1973~T4 3 1 0

ANEH
g -
N
S
P
[z
ra
-~

Total




PABLE X

Heberozymous Male x Hoberozyecus Female, Translocation Sewrexation in

the 0ffspring

Tear Karyotype of Offapring
an = 54 2n = 531~ 2n = 52T++ Undiagnosed

XY &K P g XL LY &L Male | Feuale

1972~73 2 1 0 c 1 0 1 1

1973-74 2 2 1

)
o]
e

o
=

Total 4 13 1 2 1 0 1 2

TABLY XL '

Segresation of the Yassey I Traaslocnbion in Offspring of Hetrroryveous

f1le x Normal Female Matinss. Combined Data, Scotland & New Zerlond

souice of buia naryobyne of ulfopring Total
54 XY 5% XY T+ | 54 XX 5% A& W+
Long, 1974 34 oe 34 27 117
Bruure, 1374 67 12 65 69 271
- | ;
101 94 57 %0 § 328
\
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TABLE XII

Seqresation of the Massey I Tronslocation in Cffsoring of ieterozyrous

lale x Heterozygous Fermale, combined Data; Scotland % Wew Zesland.

Source of Data Karyolyype cf Offepring

2n = 521 2n = 531 2n = 54
Long, 1874 1 3 7
Apuere, 1974 20 37 14
Potal 2l 40 21
Ratio 1 2 1

TABLE KIII

1

Rlastocyet CGollection Dats -~ 18711572

| cemtia Wal s v MNMpecapmed Tlae .
Hetberonyous Male ¥ Normal Female

éwe No. | Yo. of Slauzhlered | Moo Corpora Lubea Yo. of
l.ue P.Mu8. ) Doys Post e Gvary | L. Ovary | 3laustocysts
Coitun

1R 0 12 1 1 9]
6 2,000 10 0 1 0
9 0 12 0 1 1
15 2,000 12 2 4 0
22 Q 12 ot Racgrded 0
27 2,0Cu 13 3 2 5
201 G 12 1 0 1
29k 0 12 1 0 0
31 0 11 1 ¢ 0
WOR 2,000 12 1 § 4
45 0 2 o1 U 0
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Ewe HO .

No. of

Slaugntered

¥o. Corporn Lutea

oo, of

ioue Z.Mu5. | Doys roct Ao Cvexy ¢ Lo Ovory | Blustocyaiz
Coibtua ‘
51 0 12 2 0 0
54 2,000 12 6 5 2
54a 2,000 12 15 8 16
56 2,000 12 2 0 0
57 2,000 13 2 1 0
65%& 2,000 12 7 7 c
73 2,000 13 1 0 1
7 0 12 1 0 1
83 2,000 12 1 0 1
96, 0 15 1 1 2
98 2,000 10 10 7 0
104 0 15 0 o 0
108 2,000 13 4 9 4 or 5
123 ) 15 0 1 2
130 2,000 12 2 ¢ ¢
134 2,000 10 10 3 0
135 o 12 0 1 0
147 2,000 12 2 0 2
149 2,000 12 5 2 2
Total 91 53 46
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TABLe XIV

Blastoeyat Collection Daln, 17721973

Heterouy ous Male

g Voral Teanie

Zwve No. Slavghiered. Yoo f Cormora Lutes | No. of Karyobype
Days o Lo Blastocyste
Post Coitum
1/2 14 0 1 1 54 XX
2/2 16 2 0 o -
3/2 17 1 0 1 53 X% T+
4/2 15 0 1 1 54 XY
5/2 i5 1 1 0. -
6/2 16 2 0 2 53 XY I+
54 XX
7/2 17 1 0 1 5% XY T+
o/2 16 1 0 1 M.De
10/2 16 1 0 1 54 YT
12/2 17 ¢ 2 1 54 xo%

2 1
1 0
2 C
1 0]
1 1
1 0
1 1.

1
1
1(Degenerats

2

£

[AV]

5% ZY G+
5% XX 9

o
Aedle

ng) ..

AT

PR
N.D.

54 XY

54 L
54 &

55 &0 T+
54 XY
i}e}.}o

~T




ava No.

Slansutered.

Ho.of Corpora ILuteas

No. of

Karyotyre

Days R. L. Rlastocysts
cout Coltun
28/2 i4. 0 1 1 54 XX
30/2 14 1 o 1 MN.D.
31/2 16 1 1 2 54 XX
54 KX
33/2 17 1 0 1 54 XY
34/2 17 1 0 1 N.D.
35/2 16 1 C 1 54 XY
36,2 16 1 0 1 N.D.
38/2 - 16 0 1 o -
39/2 17 2 0 2 XD
K.D.
40,2 15 1 o 1 5% XY T+
412 16 1 1 2 5% XA
53 XY T+
42/? 17 2 o) 0 -
4if2 16 o 1 1 5% XX T+
4572 16 1 - 0 1 53 M T+
51/2 13-15 1 0 2 53 ¥ 3
56/2 16 1 1 2 54 5Y
52 XY Ot
6172 17 1 v 1 54 XY
65,2 15-17 1 0 1 03 Zf v
65/2 .16 2 0 2 5% X{ 04
53 XY I+
73,2 17 1 C 1 £4 R
72/2 15 i 0 ] 5% 30 S
732 15-17 1 1 2 :g X;( %;
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fwe oo | Slausnteceds |Jouof Corgors libaa | Noo of Karyotype

Doya i, I RBlastocysts
Fost Coitum

5/3 14 0 1 ] m.D.
51/3 13 1 ¢ 1 54 KX
52/3 17 1 G 1 5% XY P4
54/3 13 1 G 1 ?Y

/3 13 il C 1 N.D,

7 ~ P
56,3 13 2 C 2 FoDe
o
g °
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TABLE XVI

Rlastocyst Hecavery Dota. Heteronysous Male x Yormal Temsle

Season | Noo Yo, e No. %
Corpora | Blastocysts | Recovery | Blaustocysts | Jiagnosed
Lutea ' Diagnosed
1972-73 €3 55 87.3 43 78.18
1973-74 | 65 47 72.3 32 68.1

]

Keys v Recovery No. Blastocyets x 100

No. uf Corgora Lutea

It

7 Diagnosed No. Blastocysts Diajsuoced x 100

No. of Blastocysts Recovered

TABLL X¥il

Tranclecation Se resavion in Rlasbocvets from Irdividual 3ires

Sire . 2n = 54 2n =53 Undiagnosed Total
LY i LY X
6169 6 1 4 4 6 21
T35 5 1 1 1 4 10
7969 7 11 12 8 12 50
767 6 5 3 2 5 21
TOTAL 22 18§ 20 15 27 102
: \,

RSV



TABLE XVIII

Blastocyst Data. Sex fatio and Trouclocation Sc:resation
Season Male Fexmale Total
T+ T T+ T
1972-1973 | 11 15 9 g 43
1973-1974 }+ 11 10 5 10 36
TOTAL 22 25 14 18 79

HeBs Includes 2 blastocysts where the ¥ plus translocation cliromosome

were identified and 2 where the Y chrouosome was identified.

TABLE XIX

Blusbocyst Colloection Dabta.

1977%-1974

T,

Noxwmal Mule

x Heteronmyzcous Female

Bvwe Noe.

wluughtered,

Y¥oeol Corpora intea

N(Joof

Kaeryotype

Deys Tost Blaastocysts

Codbum 1 L
F134 12 1 1 2 53 XY T+

54 XY
Flﬁi i2 1 0 0 -
F,55 13 0 2 1 N.D.
Flﬁl 13 1 1 1 57 XX 1+
F1104 i3 0 1 g -
Flll9 1z 0 1 CoDo N.Do
F1129 13 0 2 C.3. N.L.
F1146 12 1 0 0 -
Total 4 6 4

Keys C. Do = Cellulur Debris

HoDe=Nol Diagnosed



TABLE XX

Ram F,.199 Diakinesis Chiasnatn Counts

184

Chronosone No.
1 2 i 3 Acrocentrico
5 5 47
8 7 5 40
5 6 6 46
6 5 5 50
5 5 5 39
5 4 4 41
6 4 4 37
6 4 4 32
> 5 5 35
4 5 4 32
6 5 4 41
1 5 7 40
7 5 5 45
4 6 5 39
5 4 4 35
> 4 4 34
6 4 5 35
6 5 5 50
3 4 4 36
5 9 4 36
6 6 4 b4
7 8 6 35
6 6 5 40
4 5 4 41
4 4 4 34

Total
64
60
63
66
54
54
51
45
50
45
56
59
62
54
48
47
50
66
47
50
60
56
57
54

46




4
)

Roumg F2199 conto
1 2 3 Acrocuntric Total
5 5 4 40 54
7 5 5 38 55
5 4 4 31 44
4 5 4 41 54
6 6 5 36 53
7 6 5 43 61
7 5 T . 40 59
5 5 5 33 48
teans 5.57%1.17 | 5.0650.95 | 4072%0.8 38.9774.99  54.31%6.41
T = 5D |
TABLE XLI
Ram: 5‘1_49 I):i.;;k.it;e:i;a Chiasmava Counto
Chromosone No.
1 2 3 Teivalent) Aovcezntric Total
7 6 5 | 4 43 65
5 4 5 3 39 56
6 € 5 3 34 54
5 5 5 3 36 54
6 5 4 3 41 59
5 5 4 3 35 52
7 5 & 4 37 59
1 5 5 3 34 46
5 4 5 3 41 58
J 5 3 35 54
5 7 5 3 41 63
Plownsk SD
5e0Chea L 520000 | 4005070 3.18%0.41 37.82%3.28 . 56.36%5.28

1

~

-2




TaBlis ZXIL

Ram:FllCI. Dialdnesis Chisociraba Counbs

Uhromosome Mo,

1 ] 2 3 Privalent Lorocuntricsl Total
7 6 - 40 62
5 > P 3 37 53
6 5 6 4 36 57
5 4 4 3 33 49
3 4 4 PO 34 47
4 4 4 3 32 47
5 4 4 3 38 54
6 2 4 3 40 57
4 4 3 3 40 54
5 4 4 3 34 51
6 5 6 3 28 48
7 5 5 3 32 52
5 5 5 3 32 50
5 6 5 3 22 41
6 8 5 3 32 54
5 6 5 3 29 48
S 5 4 3 37 55
6 7 y 2 32 51
6 4 6 3 35 54
leanstSD.
50425100l | 500t 15 | 457006 5 5% 41 33.84%4.55  51.79%4.67




TasLl, AKIIT

rans F1113 biaginesic Chigsmats Couant

T Chrenosone woo

%

N
AN

Trivalent | icrocantric% Totbn.

.

7 7 6 4 A 68
5 4 31 50

42 64

-3
(92N

2 40 61

N
-3

(220 o o ‘U'I
W

~3
(=N

3 31 53

C.\
(&)

o
~

38 60

7 6 6 4 37 60

X . ’ + .
6.42%0.78 [6.14%0.69) 5.65%0.57  3.43%0.79 37.57%5.06 59.43%6.16

_A

TARLL XXIV

fam: F o200  Tiskinsgis Chiosmata Count
o

Chromosoze 1o.

* 2 3 TR =1 aCrugentilcs lobal
locotion

E:

v
-2
-
iy

26 41

5 4 4 g 36 53
4 > 1 4 33 50
5 4 4 4 25 39
. 3 . 3 30 51
€ 5 5 5 31 48




Ram: ¥.200 conb.

Cﬂromdsoma Nos
1 2 3 Trols- Acrocentrics Total
location ~
> 4 4 o 42 29
6 4 : 3 26 43
6 4 5 4 33 52
5 5 5 4 30 49
G € 5 5 40 62
5 4 5 3 33 50
4 4 4 35 52
5 4 4 4 4 61
Mean g §D .
50650, 68 [4:4350.96 | 403050047 | 3.87%0.62 | 32,00%4.69  49.73%6.27
¥
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TABLE XXVI

Breeds of Sheep Examined znd Found to Have 2 Chromosome Nunber of

20 =54

Breed No. Males | No. Females | Total
Scottish Blackface 1 39 40
Finnish Landrasce 0 4 4
Border Leicester ‘ 1 1 2
Sulfolk x Blacikface 14 21 25

16 65 81
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Sex Rotio at Meiotic 2nd Metaphacze

Ram | Diploid Y Paaring & Besring Tofal'
Karyotyre Cells Cells

F,139 D4X1 42 o7 99

F, 49 53XY T+ 50 50 ' 100

Fllol HA3XYT+ 25 3L | 56

Fllli 53T+ 4 3 ’ 7
TCTAL 79 84 163

FZZOO H2XY M+ 6 B 17
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SECTICN VII

APPENDIX



AFFENDIX

6.1 Details of Leucocybe Culture Technigue

1) The basic medium conesisted of 100 nl Weymouta'!'s medium to which was
added 10,000 i.u. penicilling lU,UOQ/pg streptoaycing 1.5 ml
Glutamine (200 mM), 20 ml Lamb's serum and 5 ml of reconsbituted

phytoheamnaglutinin,

2) Either 1 or 2 ml of whole blood was added to 10 ml of the above

. . . 0 o
composite medium and incubated at 37 C for 48 hours,
3) After 43 hours incubation, 0.2 wl, of colcemid (Bo/ug/ml) or 0.1 md
of colchicine (25/ug/ml) was added zand the cultures incubated for o
further 2-3 hours,

4) The cells were havvested by centrifuging at 1,000 rpm for 10 mins,
decanting the supernatant and resuspending the buiton of cells in LU n

of 0.1255 XC1, The cells remained in the hypotonic solution at 5700

for 8 mins.

5) Followine, treatment with hypoionic solution the cells were
centrifuged at €00 rpx» for 10 mino., the suapernztiant ramoved zond tlxe
cell hutton resuspended in 3 ml of cnilled fixative. (3:1, mothanols
acetic acid.) '

6) There vere two chenges of fixetive, one after 17 ainc. -nd toe

()

second 30 ming. afller the firast.

7) Aflcr the second fixutive the cells were rewurpedtied in 1 ol of

fixative sad preogcrations nade by dropping o5 ml of coll cuzpension

Lol
2
h



.

onto a olean, chilled slide, The slide preparations were left to dry

in air.

8) Air dried preparations were sieined in either 2% aceto-orcein for

three nours or 1ila Giemsa in buffer for 5 ainutes,

6.2, Tetnils of Jone Norrow Sulturos

o

1} The boné marvow was flushed from the femur with 1C ml of Weymouti's

nediuum.

Fal n

- - . . ’ \ 4 . .
2) &5 wl of colcemid (B/QQ,ml) wvas acded bu 10 ml ol culture which

N

. o \
was then incubated at 37 °C for 2.5 hourc.

3) The cells were havrvested by centrifuging st 1,000 rrm for § minz.,

decanting the supernatant snd resuspending the cell button in 1C ml

of 0,125+ &¢l. The cells wers incubat:d in the hypobtonic solubtion 2
?"0 B 3

37T°C for 8 mins.

4} After trestment with hypotonic solution the colls were contrifuged

2% 000 rpn for 2 mince, the supeinctant dizcarced and the ccils

resus ended in 5 21 of chilled fisnative (3:1, nethanolsacoetic zcid)

for 15 mins. 2t 4 G

5) after two Ghauges of fizstive at 15 wine inlervels the oolls were
left dn 3 vl of
6) wlide proparstions were wede vz described for loucoc,tc cultuves

R T L AT - B S T T U,
Sl Sblaaca X oy ACCeu~LLC el 0L NOUL U
/ -



6.3 Details of Tintoleogical Fresarations

1) The material was dehydrated subtomatically in a histokine ready for

sectioning.

2) Samples were eamtedded in wax aud 5/n sections cub ou a microtome.

' . O,
The cut sections were floated on wara water at approximately 45°C to
renove the creases,

.

3) The section was picxed up by placing the slide on top of the water.

4) Yhe slides were left on the hot plate to dry for 30 mins, and then
, o] . e . - .
placed in the oven at 56 C overnight to facilitate the otickin, of the

section to the slide.

-

5) The wox was removed by dissolution in xylol for 5 mins. and then
the slide was washed in absolute alcohol, followed by methylated
spirits and finally rinsed in water.

6) Sectlons were stained vwith hsemoloxylin and eosin.

eyt AL e ryiacg

6.4. rfhoto ranhy

Al photomicrograghs were taken using a Leltz cubcmatic cawcra rountbed

Vil o

on a Leitz autolux microscope. Plack and waite photosrornhc were ftexen
s - ) - hY - ' + e -

on Microneg Fan, f£ilm type B (Ilford) znd developed in the lotorsbory

using Bromorres developer snd Hypaw fizative. Printo were nade using

a lLepidoprint machiine.

Celour photojrayts were taken on Koducolour X Fil: and devnloped an?

o ey k

pLinted commereially.



Fhotographs of bhe entire raws were teken on an mdixa Prismat camera

uvding Kodaccleur ¥ filu and developed end printed ccmmercially.

6.9. Qiasowere
AlL slasswere used for leucccyte and blastocyst oultures underwent

cful cleaning. afbter uce.

1o Sozked in concentrated chiloros solution for 24 wours.
o Soaked in pyroneg solution overniznt.

%o Wesned in wain, fresh pyrongg solution,

o

Ao minsed approxivately 12x in running hot water.

He Hinsed approrimately 12x in running cold water.
6. Left to goal in cold deloniced waber overniinte
Te Hinsed in zunrirg delomised water.

8. DTried in the hot atxr oven.

Absolutely clenn slides wsre essential for good spreuding of the

ChLON0SONES . Sew slides were first ringed in ramning celd waber to
remove the dust and’ sosked in a concentrated pyrounes scoluiicn for ot
least 24 hours. Tris process raenoved the srensge from the clides,

h

The degreaced slides wers then placed in olide rachs i rinszed in

rumning cold waber for at Iecast on hiur befors being uscd, Ionediztaly

prios Lo use ine slldes were placed in the refrigeraices or

- a1y N - SRR S TR
ensirie Tinal crailling.
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FIGURES






Fig. 1

The four New Zealand Romney rams heteroczygous for the
Massey I translocation,

a) 6169

b) 769

c) 7969 a) 7369







Fig. 2

Karyotype of a metaphase spread from a leucocyte culture

of ram T769.
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. Fig. 3

Karyotype of a metaphase spread from a leucocyte culture

of yam 6169, .
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Fig. 4

Karyotype of -a metaphase spread from a leucocyte culture

-

of ram 7369,
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~Fig. 5

Karyotype of a metaphase spread from a leucocyie culture

of ram 7969.
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‘Fig. 6

i

by

Karyotype of a metaphase spread from a leucocyte culture

of ram F1110. .

This animal was heterozygous for the Massey I translocation

and also a unilateral cryptorchid.
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VFig. T

Karyotype of a metaphase spread from a leucocyte culture

of ram F2200, homozygous for the Massey I translocation,
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Fig.  Ta.

167 206
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1+ 1mm
Day 4 Day 6 Day 8 Day 10 ~ Day 12 TDay 14

Diagrammatic representation of the growth and development of the
sheep embryo before implantation, 'The day of oestrus was Day O.

( Aiter Bindon, 1971. )



Fig. 8
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Y

Heterozygous male x normal female,

a) Karyotype from a 15 day old blastocyst. 2n = 54 xy

b) Karyoiype from a 17 day old blastocyst. 2n = 54 xx
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Fig. 9

Heterozygous male x normal female.

a) Karyotype of a 16 day old blastocyst, heterozygous for

the Massey I translocation. 2n = 53xx T+

b) Karyotype from a 16 day old blastocyst, heterozygous

for the Massey I translocation. 2n = 53xx T+

~
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. Fig. 10

/

) C \

Heterozygous male x normal female,

a) Karyotype from a 16 day blastocyst, heterozygous for

the Massey I translocation. 2n = 53xy ™™

b) Karyotype from a 15 day blastocyst, heterozygous for

the Massey 1 translocation. 2n = 53%xy T+
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. Fig. 1

Heterozygous male x normal female,

Karyotype from two 16°day blastocysts recovered from the

sSame ewve,

a) Karyotype of blastocyst, heterozygous for the Massey I

translocation, 2n = 53xy T+

b) Karyotype of blastocyst with a normal chromosome

complement, 2n = 54xx
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Fig. 12

' Normal male x heterozygous female.,

Karyotype from a 13 day blastocyst. 2n = 53xx T+
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Fig. 13

Normal male x heterozygous female,

Karyotype from a 12 day blastocyst, one of two, collected

from ewe F134. 2n = 53xy T+
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Fig. 14

i

) i \

Normal male x heterozygous female.

-

Karyotype from a 12 day blastocyst, one of two, collected

from ewe F134.‘ 2n = 54xy
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g, 16

Metaphase spread from a short term bone marrow culture of

an aborted lamb, 2n = 52xx T4+

The arrows indicate the kassey I translocation chromosomes
and the black triangles indicate the metacentric chromosomes

of the normal sheep karyotype.






Fig. 17

Surgical approach for the collection of blastocysts by

laﬁarotomy. . -

a) Mid-line incision through the linea alba just
anterior to the mammary gland and extending

approximately two inches anteriorly.

~_b) The exteriorised uterus with a glass catheter inserted
‘;1}&:‘ the utero-tubal junction, Fluid was flushed

through the how it @ollected in the universal

bottle via the cathetej’s







Fig., 18

Histological sections of corpora lutea of the sheep.

Magnification: x 32. approx.

Stain: Haematoxylin and Eosin.

a) Section from a corpus luteum on Day 16 of oestrous

cycle.

b) Section from a corpus luteum 16-days post coitum,

—






Fig. 19

Histological sections of the descended left testis of
Ram F111Oa

Stain: Haematoxylin and Eosin.

a) Section through seminiferous tubultes.

Magnification approx., x 32,

b) Section of a seminiferous tubule at stage 8 of the
seminiferous cycle.

Magnification approx. x 173.






Fig. 20

b)

Histological section of seminiferous tubules of the
abdominal testis of Ram F111O.
Magnification: x 32 approx.

Stain: Haematoxylin and Eosin.

Histological section of the canda epididymis of the
abdominal gonad of Ram F111O.
Magnification: x 32 approx.

Stain: Haematoxylin and Eosin.






Fig, 21

Histological sections of the left testis of Ram F,200,

2

homozygous for the lMassey I translocation.

Stain: Haematoxylin and Eosin.

a) Section through seminiferous tubules.

Magnification approx. x 32.

b) Section through seminiferous tubule,

Magnification approx. x 173.






ig., 22

Ietaphase spread, containing the diploid number of

2n = 54xy, from meiotic vreparations of the left testis of

Ram F2199.

Note: Absence ol chromatid repu;sfon and the general
appearance of the spread similar to those of
leucecyte cultures,

Tﬁe origin of these chromosomes is presumed to
have been a fibroblast cell or possibly a type A

spermatogonium,






Karyotype and spread of type B spermatogonium from Ram F249.

Note: The Massey I translocation ( arrowed ) and the

marked chromatid repulsion,






Fig. 25a.

Meiosis

L i I

Gametes

Zygotes

I I 1 1 I

Types of segregation of chromosomes in the trivalent and the
zygotic products after fertilisation with a normal gamete,

( After Gustavssoa, I969, )

a. Balanced carrier, b. Normal, c¢. Trisomy, d. Monosomy,

e. Trisomy, £. Monosomy,



g, 24

Pacnytene figures in meiotic preparations from the left

testis of Ram F149.

Note: The pycnotic sex vesicle ( arrowed ).






Fig, 25

Karyotype and spread of a cell at diakinesis from meiotic
preparations of the left testis of Ram F2199.

2n = S4xy

Note: Elongated and pale staining x/y bivalent. The'
individual chromatids are visible in some of the

autosomal bivalents.
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Fig. 26 -

Karyotype and spread of a cell at diakinesis from meiotic
preparations of the left testis of Ram F149.

2n = 53xyT+

Note; Twenty-five bivalents and one trivalent.
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Fig. 27

- P o oo

Karyotype and spread of a cell at diakinesis from meiotic

preparations of the left testis of Ram ¥, 101,

1
2n = S53xy+

Note: Twenty-five bivalents and one trivalent.
The individual chromatids are visible in a number

of the bivalents and in the trivalent.
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Karyotype and spread of a cell at diakinesis from meiotic
preparations of the left testis of Ram F1113.

2n = S}XYT—F

Note: Twenty-five bivalents and one trivalent.






Fig. 29

Karyotype and spread oif a cell at diakinesis from meiotic

preparations of the left testis of Ram F22OO.

2n = 52XYT++

Note: Absence of a trivalent figure and the symmetric

configuration of the translocation bivalent in

the homozygous animal,
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Fig. 30

The x/y bivalent at diakinesis of male meiosis in the

sheep.

Note: The elongated configuration of the x/y bivalent
compared to the autosomal bivalents and its

negative heteropycnosis,
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Fig. 31 )

Trivalent configuration of the Massey I translocation at

diakinesis and a diagramatic interpretation.

“Tiree
a) FEewe chiasmata

 TweE
b) Pour chiasmata

.

o,
c) ‘Bhmee chiasmata
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Fig. 32

Trivalent configuration of the Massey I translocation at

diakinesis and a diagramatic interpretation.

a) Six chiasmata

b) Five chiasmata

¢) TFour chiasmata
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| Fg. 33

Karyotype and spread af a cell at second metaphase from
meiotic preparations of the left testis of Ram F1113.

2n = 53xyT4+

Phe cell contains the normal haploid numbexr for the sheep
of 26 autosomes and a sex chromosome., { x ) No

translocation chromosome is present.:

This represents the type b segregation shown in Fig, 23a.
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Fig., 34

Karyotype and spreéd of a cell at second metaphase from

meiotic preparations of the left testis of Ram F,113.

1
2n = 53xyT+

There are 24 autosomes, a Massey I translocation
chromosome and an X chromosome. The cell is a balanced
translocation carrier and represents a type a

segregation shown in Fig. 23a.
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Fig. 35

Karyotype and spread of a cell at second metaphase from
meiotic preparations of the left testis of Ram F2199.

2n = S54xy

There are 27 autosomes and the X chromosome, The cell

is presumed to be trisomic for one of the acrocentric

e

autosomes,
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Fig. 36

Karyotype and spread of a cell at second metaphase from

meiotic preparations of the left testis of Ram F2199.

2n = 54xy

There are the normal haploid number of autosomes for the

sheep of 26 but both an X and Y chromosome are present.
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Fig., 37

Karyotype and spread of a cell at second metaphase from
meiotic preparations of the left testis of Ram F1101.
on = 53xyTe - ] '

there are 26 autosomes, including the Massey I
translocation chromosome, plus the X chromosome so that

n = 27xT+

This cell is presumed to be trisomic for one of the acrocentric
chromosomes involved in the Massey I translocation and

represents segregation type c or e in Fig. 23a.
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Fig., 3B

Karyotype and spread of a cell at second metaphase from
meiotic preparations of the left testis of Ram F149.

2n = 53xyT4+

There are 26.autosomes, including the Massey I
translocation chromosome, plus the X chromosome so that

n = 27xT

V'

This cell is presumed to be trisomic for one of the
acrocentric chromosomes involved in the Massey I
translocation and represents segregation type ¢ or e in

Fig., 23z,
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Fig. 39

Karyotype and spread of a cell at second metaphase from

meiotic preparations of the left testis of ram F,101.

1

4
There are 27 autosomes, including the Hassey I
translocation chromosome, and a Y chromosome so that

n = 27yT+.

-
’

This cell is presumed to be trisomic for one of the
acrocentric chromosomes involved in the Massey I
translocation and represents segregation type c or e

in Fig. 23a.
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Fig. 40

Karyotype and spread of a cell at second metaphase from

meiotic preparations of the left testis of ram F1101.

2n = 53xyT+.

There are 277 autosomes, including the Massey I
translocation chromosome and an X chromosome so that

This cell is presumed to be trisomic for one of the
acrocentric chromosomes involved in the Massey I
translocation and represents segregation type c or e

in Fig. 23a,
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Fig. 41

i

J N
Karyotype and spread of a cell at second metaphase from

meiotic preparations of the left testis of ram F. 101,

1
2n = 53xyT+.

There are 27 autosomes, including the Massey I

translocation chromosome and an X chromosome so that

)

n = 27xT+,

This cell is presumed to be trisomic for one of the chromosomes

-

involved in the Massey I translocation and represents

segregation type ¢ or e in Fig. 23a.
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_ Fig. 42

Karyotype and spread of a cell at second metaphase from
meiotic preparations of the left testis of ram'F2200.

2n = 52xyTi+.

There are 26 autosomes, including the Massey I
translocation chromosome and an X chromosome so that

n = 26XT+-

This cell is a balanced translocation carrier,

re
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Right gonad of ram F,.200 showing the adhesion of the tunica

2

vaginalis to the cauda epididymis.

The scale at the bottom is a centimetre rule,






Fig. 44

Karyotype and spread of a cell at mitotic metaphase

from a leucocyte culture from ram 6169, 2n = 53xyT+.

The air dried preparations have been treated with

trypsin and stained with giemsa to produce G~bands.
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Fig. 45

G - BANDS.

CHROMOSOMES.

Lid

SH

1l >

TR
i &
a9
I} o
@2
CIT ~

o B~
Cun =
o e
aTm e
am =
o w
(M 2



Fig. 46

a) Karyotype of a cell at mitotic metaphase from a leucocyte
culture from ram F2199,treated with HCl and BaQH 1o

produce { - bands.*®

Notes The absence of centromeric heterochromatin on the X and

Y chromosome,

b) Comparison of C - banding in chromosomes 1,2,3% and X
in two different cells. In the top line the
chromosomes are lightly stained, In the bottom line

they are heavily stained.

Note: Chromosome No. 2 is markedly heavier stained than

Nos. 1 and 3.
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Fig. 47

C - banding of the Massey I translocation.

a) Three pairs of Kassey I translocation chromosomes from

three different cells of ram FQZGO. 2n = 52Xy T4+,

b) Karyotype of a cell from ram F 200 with C - banding.

2
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